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 This paper presents the development work for integrating an Internet of 

Things (IoT) with a fibrous capillary irrigation system based on the climatic 

demand estimated by the weather condition. The monitoring and control 

using an IoT system is critical for such application that is targeted for 

precision irrigation. The fibrous capillary irrigation system is managed by 

manipulating a water supply depth using the potential evapotranspiration 

(ETo). A soil mositure sensor was used to monitor the progress of the root 

water uptake and input the fuzzy logic system, to determine the water 

requirements for the crop medium. Experiment was conducted by using a 

Choy sum plant as the test crop grown in a greenhouse. The monitoring of 

the demand and management of the watering system was successful. The 

ETo data was able to approximate the crop water requirement in near  

real time. 
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1. INTRODUCTION  

By the year 2050, the world will need to produce 70% more food, in order to feed the growing 

population on the earth, according to the Food and Agriculture Organisation of the United Nations (FAO) [1]. 

In order to meet this demand, farmers and the agricultural companies are nowadays focusing on the Internet 

of Things (IoT) for analytical and monitoring tools, so as to enhance crop management for a greater 

production of produce[2-4]. The IoT is capable of providing information about crop yields, rainfall, pest 

infestation and soil nutrition, which is invaluable for this extra produce production and it offers precise data, 

which can then be used to improve techniques over time [2, 5-7]. In a precision agriculture irrigation system, 

the supply of water is required to be at the right volume, at the right time and at the right location  

[8, 9]. However, in order to measure the demand of plant water in real time, it becomes impossible without a 

parameter or a sensor to measure it. Thus, a potential evapotranspiration (ETo) parameter has now been 

introduced for a reference plant water uptake and it enables an estimation of the amount of water for an 

optimum growth [10].  

This parameter also displays a great potential to save water, while at the same time, it improves the 

productivity of agricultural based products [11, 12]. ETo is a term that is used to describe the amount of 

water that is consumed by plants over a period of time, where a natural water loss occurs from the processes 

of evaporation and transpiration [13, 14]. Evaporation occurs when water changes into a vapour on the soil 

surface. Transpiration refers to the water loss that occurs through the leaves of the plant. By knowing the 

actual ETo level, the volume of water loss can be determined and the exact amount can then be applied, in 

order to replace what the plant field is losing [15, 16].  
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The evapotranspiration (ETo) level increases, whenever the atmospheric demand is increased, 

because it strongly pulls water through the plant [17]. There are two factors that can be used to estimate 

irrigation. These factors are the local weather conditions and the cropping system, such as the type of crop, 

the planting date and the crop’s development. The local weather conditions are important, because the ETo is 

driven by the weather factors. The ETo losses can be predicted accurately, by the measurements of four local 

weather variables, which are temperature, humidity, solar radiation and wind speed [18, 19]. 

It has been well established that by using an estimated ETo as a guide for irrigation, can avoid the 

misapplications of water [20, 21]. However, researchers are now trying to control the water supply depth by 

fibrous capillary irrigation, based on the ETo parameters and the soil water balance [22]. The fibrous 

capillary irrigation system is known as a sub-irrigation system that was developed as an alternative watering 

method for precision agriculture. This irrigation technique can offer a high amount of water saving by 

delivering the water directly into the root zone [23]. However, the watering by capillary irrigation makes the 

medium continuously wet. This is while certain types of crop need a wet-dry cycle irrigation system for their 

growth [24, 25].  

With a proper management of the water supply depth, the fibrous capillary irrigation can be 

controlled at the correct volume and it can be delivered at the right time. However, it is still difficult to 

determine the exact amount of plant water uptake in the field, because of the dynamic plant water uptake, as 

well as with the challenge of providing farmers with information in real-time, about the status of their crops, 

in order to enhance their farming efficiency. Hence, the objective of this study was to design a smart 

irrigation system based on real-time data, by using the IoT, to support the management and the  

decision-making for an irrigation volume. The Penman-Monteith equation for estimating the 

evapotranspiration was used to evaluate the fibrous capillary irrigation system on the crop. 

 

 

2. RESEARCH METHOD 

2.1. System overview 

Figure 1 shows the block diagram of the IoT system for the management of the fibrous capillary 

irrigation system. This system consist of two parts, a weather station and an irrigation controller. The weather 

station used is Davis Vantage Pro 2 sensor, which was built with solar radiation estimator, a UV sensor, a 

rainfall collector and an anemometer sensor. The irrigation controller had several components that were 

attached to an Arduino Mega board, which were, namely, a soil moisture sensor, a Wi-Fi shield, an ultrasonic 

distance sensor and a water pump. The estimated potential evapotranspiration and the soil moisture data were 

used as an input, in order to determine the water supply depth levels. 

 

 

  
  

(a) (b) 

  

Figure 1. Block diagram of the IoT based weather station system, (a) and block diagram of the IoT based, (b) 

Irrigation controller system 

 

 

2.2. Architecture 

The IoT based fibrous capillary irrigation system consist of a weather station and a controller system 

for the management of the water supply depth, as shown in Figure 2. Figure 3 shows the experimental setup 

for the fibrous capillary irrigation system. 
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Figure 2. Fibrous capillary irrigation system with the IoT monitoring system layout 

 

 

 
 

Figure 3. Experimental setup for the fibrous capillary irrigation with the IoT monitoring system 

 

 

2.3. Irrigation process of the fibrous capillary irrigation 

Figure 4 provides an overview of the fibrous capillary irrigation process. In order to set up 

everything for the required water supply depth (∆h), the controller had to determine how much water was 

required to be supplied. This supply was based on the data that was obtained from the weather station and 

from the soil water content. The data was then analysed, in order to estimate the crop water demand value. 

The data was then stored into a cloud server and to the microcontroller at every 10 minutes. At one-hour 

sampling time, the data was averaged to be inserted into the fuzzy expert system as the input value.  

The actual evapotranspiration and the available water contents were determined by the fuzzy expert 

system, in order to determine the ∆h. Once the ∆h had been identified by the controller, it then regulated the 

∆h in the water supply depth tank, by manipulating the water pump. The excess water in the supply depth 

tank in the regulation process was absorbed by the plant during the root water uptakes. The data for a certain 

growth period was used, so as to analyse for the total water consumption. 
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Figure 4. Flowchart of the irrigation process 

 

 

3. RESULTS AND DISCUSSION 

3.1. IoT monitoring and the control system 

An experiment was carried out using the developed IoT system, in order to monitor and control the 

fibrous capillary irrigation system, as well as to test its performance on real time cultivation. The user 

interface was mainly composed of two parts, being a dashboard monitoring system and a database system. 

For the dashboard, the monitoring consisted of two sections, where one was the weather station, as shown in 

Figure 5 at the web page www.utmagritech.com/new/dashboard.php and the other is the fibrous capillary 

irrigation management system, as shown in Figure 6. 

 

 

   

   

  

Figure 5. Dashboard for the weather station 

monitoring system 

Figure 6. Dashboard for the monitoring fibrous 

capillary irrigation system 
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The user interface updated the data every 10 minutes and the alert indicator showed if there were 

any warnings at the site. For example, the water reservoir tank set the alarm if the water level measured by 

the ultrasonic sensor was more than 500 mm. Figure 7 shows an example of the e-mail that would be 

received from the IoT system, whenever the alarm was triggered. The data entry also had indicators, which 

were underlined at the reading sensor. If there was no data entry after 10 minutes at the database system, the 

dashboard showed the underlined data, in order to indicate that there was a system problem, such as no power 

supply, no router or a network failure.  
 

 

 
 

Figure 7. Alarm trigger system via e-mail 
 

 

Figure 8 shows an example of an underlined indicator in the IoT module. The database data sensor 

reader collected the data every 10 minutes. Figures 9 and 10 shows the weather station and the irrigation 

database webpage. This database was divided into three sections, being a date time, a value and a unit sensor. 

From the user interface, the data can be downloaded, saved and printed. 
 

 

 
 

Figure 8. Alert data entry system if more than 10 minutes 
 
 

 
 

Figure 9. Weather station database system on the webpage 
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Figure 10. Fibrous capillary irrigation database system on the webpage 

 

 

3.2. Data monitoring system 

Figures 11 and 12 show the monitoring and the control results that were obtained in the period from 

12 July 2018 to 24 July 2018. The irrigation parameters were successfully logged, and the volume was 

controlled based on the crop water demands. Figure 11 shows the evapotranspiration data that was logged 

hourly. The highest values of the ETo levels were shown on the dates of 12 July and 13 July and the lowest 

ETo level was on 14 July. Figure 12 shows the readings of the soil moisture content that were taken on three 

different Choy sum crops. Based upon the results, it can be seen that there were no deficit conditions of 

average soil moisture contents of between 0.2 cm
3
/cm

3
and 0.3 cm

3
/cm

3
.  

Figure 13 shows the water supply depth irrigation management levels that were based on the ETo 

levels and the soil moisture contents. The highest water level can be observed at –8.3 cm and the lowest 

water level can be observed at a level of -9.5 cm. The overall performance of the fibrous capillary irrigation 

system was capable of meeting the demands, without any crop water stress, or without any over-irrigation. 

 

 

 
 

Figure 11. Evapotranspiration measurement sampling per hour 
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Figure 12. Soil moisture content measurements from each polybag 

 

 

 
 

Figure 13. Water supply depth level measured from 12 July 2018 to 24 July 2018 

 

 

4. CONCLUSION 

In this study, the monitoring and the fibrous capillary irrigation control system has ben presented 

using the ETo with an IoT integration. The monitoring and control process were successfully developed at an 

affordable cost. The results have proven that an IoT system can be very useful for the near real time operation 

of a fibrous capillary irrigation system. The implementation of the management system in the field can be 

easily monitored. It can also reduce the cost of an expensive data logger system. An expansion for other 

irrigation systems can easily be integrated to the IoT system. 
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