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 Maximizing crop yielding is an extensive problem faced by the population in 
a country. The main issue comes from the farmer who still implemented the 
conventional method of irrigation that required human actions, especially for 
water pump operation. As an alternative, the automatic solution becomes a 
demand with the internet of things (IoT) support system to overcome the 
agriculture scenario. Meanwhile, multiple sensors controlled by the ESP32 
microcontroller are also used to measure the crucial parameters that 
influenced the living conditions of crops and are called input parameters. 
Meanwhile, the implementation of a fuzzy logic controller is to control the 
timing of water volume based on the inputs data obtained through the sensors' 
responses. Solar energy is the main supply because of the zero-cost expense 
and environmentally friendly energy generation. In large, this research 
developed the smart irrigation system (SIS) with photovoltaic (PV) panels as 
a supply to sustain the energy required for empowering the entire process. As 
a result, the SIS is found as a successful system in controlling the best suitable 
time of water irrigation. The soil evaporation contents obtained from the 
experiment were also close to actual accurate data reference for Melaka state 
to verify the solution.  

keywords: 

Fuzzy logic 
Internet of thing 
Photovoltaic 
Solar system 
Watering system 

This is an open access article under the CC BY-SA license. 

 

Corresponding Author: 

Elia Erwani Hassan 
Energy and Power System (EPS), Faculty of Electrical Engineering, Universiti Teknikal Malaysia Melaka 
Jalan Hang Tuah Jaya,76100 Durian Tunggal, Melaka, Malaysia 
Email: erwani@utem.edu.my 

 
 
1. INTRODUCTION 

This project introduces an irrigation system that is integrated with sensors technology aimed at a better 
amount of plantation yields. Typically, a farmer will spend plenty of time irrigating their crops at a particular 
time like early in the morning or evening. However, during irrigation tasks, some details like soil moisture or 
air humidity are not considered to optimize the water supply [1], [2]. Since the irrigation system relates to 
technology devices thus it would require electrical energy to operate. Today electrical spending is getting 
expensive besides there is a considerable percentage of electrical energy needs for some conventional fuels 
like fossil fuel, coal, natural gas or others which then caused the sources to become depleted [3]. Therefore, 
using a photovoltaic (PV) system supply is encouraging because the energy is obtained directly propositional 
from the amount of light irradiance. An advantage of PV is because the system manages to convert solar energy 
into electric power. As a result, the PV energy presented will act as the main supply to keep the water pump 
and sensors working well [4].  

The PV system must generally consist of a solar panel, voltage stabilizer, and power inverter to 
function [5]. The PV panel would produce direct current and direct voltage during the initial phase. However, 
the voltage rating of the load circuit will not be the same as that produced by the PV panel. Hence, a power 
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converter is responsible for rectifying the voltage amplitude to meet the demand needed by electronic circuit 
load [6]. As an action, this research proposed the pulse width modulation (PWM) charge controller to play an 
essential role as a converter model. The PWM controller circuit used two MOSFETs to control the charging 
current that flows into the energy storage tank. The task for the MOSFETs is to produce a different level of 
charging rate which becomes a switch by manipulating the sign controller transmission to its gate terminal. 
The signal frequency of the gate terminal can be easily controlled by a microcontroller or other discrete 
electronic components. In the next phase, a comparator is compulsory in comparing the voltage of both solar 
panels and energy storage tanks [7]. The comparator will then determine the suitable PWM signal ratio that 
needs to feed into the MOSFET. 

The performance of the photovoltaic panel is sensitive to solar radiation, ambient temperature, and 
humidity [8]. Therefore, the generation of voltage and current can be varied from time to time. The fluctuation 
of electrical energy can trigger several electrical failures like overcurrent, Undervoltage or electrical harmonics 
[9]. Therefore, a voltage stabilizer is compulsory to relate to a photovoltaic panel instead of plug directly into 
the load. The voltage stabilizer provides constant voltage and limits current to protect the electronic gadget 
from any damage [10].  

Irrigation is developed through artificial applications to deliver water to crops through different types 
of distribution lines like hoses, pumps, sprays, and tubes. Consequently, the large scale of irrigation would 
bring up the environmental pollution. The most common scenario is soil erosion that will endanger the structure 
crops while dropping the yield amount. As a result, many types of irrigation systems are improved to mitigate 
the impact of irrigation on the environment [11]. Whereas furrow irrigation is known as a channel of watering 
by gravity or in other words, the water is not evenly spread throughout the field [12]. The problem occurred 
when a large stream of furrow irrigation erodes the soil while a small stream only allows flowing water in a 
short distance. Therefore, the limitation for flowing water is required to meet uniform irrigation the system. 
The distance of water flow can be controlled by adjusting the burrow's slope to avoid the soil from eroding 
rapidly. 

Accordingly, several impacts were brought by irrigation toward the environment, classified by the 
long and short-term effects [13]. Generally, the negative impact is significant as it increases over time even 
though water is suitable for a plant to moisture its surrounding soil. In addition, it would lessen the soil strength 
when excessive amounts of water are poured into the ground [14]. As known, traditional irrigation activity will 
waste a lot of water resources to irrigate the crops. Besides that, most farmers had a habit of watering their 
crops at a particular time regardless of weather conditions. Even though during the rainy season, farmers yet 
carry out the same routine to move around the field for irrigation, pesticide, and weeding work. However, with 
the support of modern technology, the routine will not necessarily be done daily.  

From earlier research, there are a few vital parameters that needed to be considered by farmers like 
weather forecast, air humidity, ambient temperature, and soil moisture [15]. In addition, the internet of things 
(IoT) has become a critical ideology to perform networking that can interconnect anything through the internet. 
The implementation of IoT requires a lot of essential devices to allow communication using the IoT platform 
successful. As reported, many types of IoT platforms can be accessed through Wi-Fi, local area network (LAN), 
general packet radio service (GPRS), and other network connectivity methods [16].  

As an advantage, the implementation of IoT in agriculture can resolve the issue of water resources 
usage efficiency and environmental pollution. Thus, an excessive improvement will be achieved when the 
farmer transforms their traditional farming activity into a modern approach. The beneficial due to the modern 
implementation were reported by research which highlighted that the productivity of crop yield had increased 
from the implementation of IoT [17]. As reported, there is no specific temperature and humidity value that is 
suitable for all types of plants. For that reason, the optimum range of temperature and humidity sensors could 
be controlled using sensors [18]. This is also called essential real-time monitoring, handling, and analysis of 
crops for a better quality of growth. 

Furthermore, to make modern farming more efficient, an intelligent fuzzy logic controller is required 
in the system development. A fuzzy logic controller has numerous membership rule sets to determine the truth 
value between 0 and 1 [19]. Consequently, the fuzzy logic helps control the watering system's valve by 
controlling the amount of water distributed to the crops using the setting membership rules. Therefore, the 
features of the fuzzy logic-based irrigation system will respond to maintain a water resource-saving and reduces 
water stress in soil. At the same time, several significant input parameters to identify the amount of water 
resource to crops are soil moisture, temperature, air humidity, or others [20]. Accordingly, this research is 
focused on the smart irrigation system (SIS) with the integration of IoT systems. In principle, the photovoltaic 
(PV) panel is used to supply energy for the whole irrigation process to meet the green environmental energy 
solution. Hence, the pulse width modulation (PWM) controller is introduced as the switch for the PV controller 
circuit. The SIS development consists of numerous sensors to monitor the data required to measure the suitable 
water volume for irrigation. All data observed will be stored in google form through the IoT support system. 
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In the system, the fuzzy logic membership functions help control the necessary amount of water from the input 
data parameters such as soil moisture, temperature, air humidity from the sensors data reported. Throughout 
the experiment, the SIS worked appropriately as what was programmed. Besides, the result of evaporation soil 
content during the irrigation process obtained was close to the actual data content as reference. From the result, 
the SIS has shown the best performance and is recommended to deploy in large-scale crops.  
 
 
2. RESEARCH METHOD 

In general. the design for the PWM solar charge controller's design for the SIS development is 
presented in Figure 1. The basic function of the PWM charge controller is to regulate the coming input voltage 
that will be received at the solar panel. Normally, the gained input direct solar voltage is fluctuated due to 
atmospheric temperature, shading, sunlight intensity, etc. The key performance of the solar panel mostly 
depends on the irradiance factor from sunlight. Meanwhile, when irradiance increase makes the current to be 
increased proportionally. As a result, the output voltage will increase marginally up to the level of the maximum 
open-circuit voltage. Besides that, if a cloud shade above the solar panel occurs, it will cause a substantial 
power output drop. The increment in temperature of the solar panel surface will also result in the output voltage 
reduction significantly. 

During the experiment, the possible maximum voltage and maximum current generated from the 
capacity solar module applied are 21.24 V and 1.88 A respectively. Hence, the task of the solar charge 
controller is to regulate the maximum power rating to satisfy the design criteria.  

Initially, the PWM technique as in Figure 1 is technically utilized for lower average power delivery 
by periodically chopping the power transfer. This PWM solar charge controller controls pulse width 
modulation amount by using an Arduino Nano microcontroller. The Arduino Nano type of microcontroller has 
a high switching frequency of pulse width modulation in the implementation. Since the high frequency of 
switching PWM will result in increased power of loss, thus the frequency received by the microcontroller will 
be tuned down. Then, the PWM signal is used to control the switching gate of MOSFET to enable battery 
charging. During the circuit operation, the frequency of the Arduino Nano microcontroller was reduced from 
the original frequency of 16MHz to only 61 Hz.  

 
 

 
 

Figure 1. PWM charge controller design 
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A battery acts as a storage of energy needed to power up the SIS system and sustain the operation of 
the solar charge controller. Furthermore, the total energy demand from the watering system relies fully on the 
battery used. Therefore, the battery with a rated capacity of 12 V, 700 mAH is chosen to realize the task. 
Furthermore, this 12 V battery operates a water pump and other related electrical circuits that require only a  
5 V voltage energy. Hence, wide storage for energy capacity ensures a smooth system operation and could last 
for a few days without any proper charging.  

The following Figure 2 will display the process development of the PV system controlled by the 
switching PWM technique. The flow chart has shown that the phase PWM signal is controlled at distinct 
percentages for a better charging process for battery life extension. For that reason, the PWM charge controller 
consists of three charging modes. 

 
 

Start

(solar_volt > bat_volt)
&& 
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(solar_volt > bat_volt) 
&&(bat_volt > 13.5)
&& (bat_volt <= 14)

(bat_volt > 14)
or 

(solar_volt < bat_volt)

PWM = 95%

PWM = 10%

PWM = 0%

Solar energy to a 
battery

End

Yes

No

Yes

Yes

No

No

 
 

Figure 2. Percentage of PWM switching controller system for PV 
 

 
From Figure 2, each mode was displayed with a different pulse width modulation percentage 

according to the respective condition. The NodeMCU ESP32 microcontroller will compare the obtained solar 
panel voltage and battery capacity voltage to determine the PWM ratio. The first condition is when the battery 
is less than 13.5 V while the solar panel voltage is more prominent than battery voltage thus the PWM ratio 
will be set to 95%. The second condition happens if the battery voltage value is within 13.5 V to 14 V and the 
solar panel voltage is more considerable than battery voltage, the PWM ratio will be set to 10%. The third 
situation is to turn off the PWM solar charge controller if the battery voltage value is more than 14 V or more 
significant than the solar panel voltage thus PWM ratio is defined as 0% level. This action can protect the 
battery condition from being overcharged, leading to a shorter life span.  

Consequently, Figure 3 displayed the project equipment that has been implemented throughout the 
experiment consists of ESP32 microcontroller, BH1750 light sensor, DHT22 temperature, and humidity sensor, 
soil moisture sensor, water flow sensor, and 12 V water valve as shown in Figure 3(a) to Figure 3(f). During 
the experiment, some input sensors comprise of capacitive soil moisture sensors were applied to measure the 
water content present in the soil. Hence, the DHT22 sensor is used to measure the temperature and air humidity 
of the surrounding crops. Furthermore, the light sensor model BH1750 was instructed to collect their respective 
data every hour. As displayed in Figure 3, all the identified sensors are programmed using the ESP32 
microcontroller around the SIS system. 

An essential of the SIS system is the IoT support as data sensors collection will be an input for fuzzy 
logic membership determination which then controls the specific time and suitable quantity of water for 
irrigation operation. Thus, the IoT system implementation is presented using a block diagram of the process 
involved in Figure 4. 
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(a) (b) (c) 

 

  

(d) (e) (f) 
 

Figure 3. Project equipments (a) ESP32 microcontroller, (b) soil moisture sensor, (c) DHT22 temperature and 
humidity sensor, (d) BH1750 light sensor, (e) 12 V water valve, and (f) water flow sensor 

 
 

Soil moisture Sensor

Air Humidity and 
Temperature Sensor

Light Intensity 
Sensor 

Micro Controller IoT

Data 
Recorded

Fuzzy logic 
Calculation

Water Pump

INPUT

OUTPUT

Monitor

 
 

Figure 4. Block diagram of the SIS process 
 

 
Fuzzy logic control that has been designed for irrigation on chili plants has a total of 5 parameters as 

shown from Table 1 to Table 5. In each parameter, they have their difference value of membership function. 
The membership function has represented the degree of truth of a logical control statement. The value in the 
membership function must be assigned manually for every single control parameter that comprises input and 
output signals. The 5 parameters are air humidity, temperature, soil moisture, irradiance and water pump 
duration. Four of the parameters are input signal and the water pump duration is the only output signal. The 
Fuzzy set input and output parameters are using trapezoidal membership functions [21]–[23]. For input 
parameter, 3 Fuzzy set is more than enough to differentiate the value range from overdose to insufficient level 
[24]. For that reason, the Table 1 is carried out to show the corresponding fuzzy set membership function range 
for soil moisture reading. While the irradiance reading is set according to the logic membership function is 
defined as dark, medium flux and light respectively as in Table 2.  

 
 

Table 1. Soil moisture set range 
Soil moisture factor 

Fuzzy set Membership function 
Dry [0,0,55,60] 

Moist [55,60,75,80] 
Wet [75,80,100,100] 

 

Table 2. Irradiance set range 
Irradiance factor 

Fuzzy set Membership function 
Dark [0,0,100,200] 

Medium flux [100,200,10000,11000] 
Light [10000,11000,65535,65535] 
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Another essential sensor called a temperature sensor is determined by the temperature setting range 
as displayed in Table 3. The appropriate humidity data range also influenced determining the most suitable 
water quantity to irrigate the chili plant to avoid evaporation, which can be referred to Table 4. Finally, the 
output which is water duration for action of irrigate to the chili plant are set as in Table 5 as the responded to the 
four identified input parameters setting. The corresponding membership function is determined using zero, 
very short, short, long and very long depend on their certain range.  
 
 

Table 3. Temperature set range 
Temperature factor 

Fuzzy set Membership function 
Cold [10,10,21,22] 

Warm [21,22,32,33] 
Hot [32,33,50,50] 

 

Table 4. Humidity set range 
Humidity factor 

Fuzzy set Membership function 
Low [0,0,60,65] 

Medium humid [60,65,70,75] 
High [70,75,99,99] 

 

 
 

Table 5. Water duration set range 
Watering duration factor 

Fuzzy set Membership function 
Zero [0,0,0,0] 

Very short [0 3000 6000 9000] 
Short [6000,9000,12000,15000] 
Long [1200,1500,18000,21000] 

Very long [18000,2100,30000,30000] 

 
 

In further, the fuzzy logic calculation will assign the appropriate duration needed for the watering 
action. The data obtained will then be recorded through the IoT support system, which is fuzzified by a fuzzy 
controller system. In the end, the fuzzy controller will decide the best suitable amount of water for irrigation 
to the chili plant. Besides the proper time for the water pump to operate simultaneously, the water flow volume 
has also been counted. The 2V DC water pump utilizes the direct current to turn the solenoid valve and connect 
in series with the main water supply. The sensor model being used is the YFS-201 hall effect water flow sensor 
which is used to measure the flow rate and water volume being given to the crops. The minimum voltage for 
this flow sensor to be operated is 5V. The minimum water flow rate which this sensor can be detected is 1liter 
per minute. Each data information will be sent to the Google Sheet form and stored within their column, 
respectively 

Finally, the overall experiment setup for the SIS system is exhibited by photos as in Figures 5(a) and 
5(b). The PV panel is controlled by the switching PWM technique that is depicted in Figure 5(a). The PWM 
signal is held at different percentages of the charging process for better battery life extension. All mentioned 
sensors are assembled at the suitable place of the chili plant in order to collect the vital data information for the 
irrigation system, as represented by Figure 5(b). The prototype of the soil area is 0.3m x 0.3m x 0.3m. During 
execution, the evaporation rate is referred from the area of Melaka evaporation reading which is 3mm per day 
[25]. From the experiment, the preventive action that needs to take is to ensure the shadow from the chili plant 
does not reach the surface of the solar panel. Besides that, a thin layer of waterproof material is necessary to 
cover sensors' surface to prevent electronics from corroded. 

 
 

  
(a) (b) 

  
Figure 5. The SIS project development (a) PV panel, sensors and IoT hardware and (b) chili plant 
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3. RESULTS AND DISCUSSION  
This section will discuss the related results during the SIS development and the completion phase. 

The achievement is explained through the main processes involved in the experimental stages. The discussion 
will be on energy sustainability using the PV solar panel, the soil moisture measurement, fuzzy logic controller 
for membership determination, and the IoT support system for data collection performance as displayed 
through the google sheet form.  
 
3.1. PV solar sustainability 

The plotted graph in Figure 6 displayed sustained output energy to meet the load consumption at 0.55 
Wh consistently. Thus, even though the input energy generated from the solar panel shows it fluctuated with 
respect to time, the power received is much higher than the demand (output energy).  

 
 

Figure 6. The graph for PV solar energy generated 
 
 

The maximum input capability energy reached by the solar panel is about 61.07 Wh per day by 
referring to the graph in Figure 6. The main reason for the varying power because of the block of clouds or 
shadows. The arrangement of thin-film solar within the PV solar module is series-connected. Thus, any 
possibility of shadow cover above accidentally will cause the generated current to decrease exponentially since 
an incremental internal resistance increases along the panel path.  

Generally, the peak power demand is 1.2 Watt, but the provided energy is maintained as 0.55 Wh. 
The surge of load demand only occurred whenever the watering system microprocessor startup from the 
prolonging break cause the water solenoid valve to come into operation. Therefore, the total power 
consumption was 13.2 Wh per day on average. Meanwhile, battery charging is a complex process. The charging 
current becomes small when it is almost reaching its maximum power capacity, resulting in the solar energy 
not being absorbed fully.  
 
3.2. Soil moisture measurement 

Soil moisture is to descript the water content hold in the soil. Different types of soil will result in 
individual soil moisture due to the density, texture, precipitation, etc. The parameter used to determine the soil 
moisture is weight and the common approach is known as gravimetric soil water content. First, a soil sample 
is prepared where the weight is measured and recorded using a weighing scale, as portrayed in  
Figure 7. The soil sample was then be placed into an oven under a setting temperature of 105℃. The high 
temperatures inside the oven are to dry out the soil faster.  

As a result, the soil will lose its weight due to the evaporation of water content. Therefore, the process 
for the mass of the soil will proceed until the water content was evaporated completely so-called dry soil. 
Throughout the experiment, a weight for 209 g of the dry soil sample with the container weight at 18 g was 
prepared. Each test is handled using an additional 25 g of water increment before pouring into the dry soil. 
Then, the calculation for the soil moisture is measured using the formula in (1).  

 

𝑆𝑜𝑖𝑙 𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒 =
௪௘௧ ௦௢௜௟ ௪௘௜௚௛௧ିௗ௥௬ ௦௢௜௟ ௪௘௜௚௛௧

ௗ௥௬ ௦௢௜௟ ௪௘௜௚௛
× 100% (1) 
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Figure 7. Dry soil measurement 
 
 

For a particular test of soil moisture, the reading from the soil moisture sensor was recorded and 
analyzed as well as in Table 6. From the results obtained, the soil moisture sensor analog display values showed 
a linear relationship trend as in Figure 8. 

 
 

Table 6. Weight of soil measurement 

Item 
Mass of container + 
wet specimen, 𝑀௖௪௦ 

(g) 

Mass of container + 
dried specimen, 𝑀௖௦ 

(g) 

Mass of 
container, 

𝑀௖ (g) 

Mass of 
water, 
𝑀௪ (g) 

Mass of solid 
particle, 𝑀௦ 

(g) 

Moisture 
value, w 

(%) 

Soil moisture 
sensor value 

Test 1 - 218 18 0 200 0% 2927 
Test 2 238 218 18 20 200 10% 2100 
Test 3 258 218 18 40 200 20% 1735 
Test 4 278 218 18 60 200 30% 1600 
Test 5 298 218 18 80 200 40% 1350 
Test 6 318 218 18 100 200 50% 1250 
Test 7 338 218 18 120 200 60% 1180 
Test 8 358 218 18 140 200 70% 1160 
Test 9 378 218 18 160 200 80% 1150 

Test 10 398 218 18 180 200 90% 1120 
Test 11 418 218 18 200 200 100% 1100 

 
 

 
 

Figure 8. The linear relationship of the soil moisture sensor reading 
 
 

At beginning, the soil moisture sensor needs to be calibrated for the high precision result. From  
Figure 8, the soil moisture sensor showed a reduction in the response value when the soil moisture is getting 
high. In other words, the less varying sensor value occurs if soil moisture is almost closer to 100% maximum 
level. Even though the analog-digital converter of microprocessor ESP32 has 12 bits to support measurement 
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value for the range of 0 to 4095, the soil moisture sensor failed to follow the processor range. Consequently, 
the soil moisture sensor implemented value range started from 2927 to 1100 in representing the soil moisture 
percentage from 0% to 100% for this research. 

 
 

4. THE LIGHT INTENSITY LEVEL 
Light level is the rate of sunlight shine on a surface and the unit is determined as the lumen. The 

BH1750 light sensor model is applied to measure illuminance which unit measurement used is lux. In the 
experiment, 1 unit lux is equivalent to one lumen per area for a square meter. Throughout the analysis, the chili 
plant is placed outdoor since the light intensity is an influencing factor to be investigated. An increment of light 
intensity will increase the surrounding temperature, which may lead the evapotranspiration rate of the plant to 
become higher than usual. Evapotranspiration is defined as the sum of water evaporation and transpiration 
from a surface that usually happens on the water surface or soil surface. For that reason, water losses through 
soil surface or plant leaves require replenishing. Therefore, the illuminance range was categorized based on 
typical conditions that generally occurred daily in Table 7. The conditions are identified as full daylight, 
overcast, partly cloudy, mostly cloudy, twilight and moonlight. The test result for full daylight is within the 
period from 10 a.m. to 5 p.m. exhibits light intensity, which is usually more than 10,000 lux. Based on the 
illuminance, it is not advised to irrigate the chili plant because it may cause evaporation before being absorbed 
by the root of the plant.  

 
 

Table 7. Light level at different condition 
Condition Light Level (lux) 

Full daylight >10,000 
Partially cloudy 3,000 

Overcast 1,000 
Twilight 100 

Moonlight <15 

 
 

Next, cloudy weather may happen any time of the day that contains a light intensity of around 3000lux. 
Occasionally, visible sunlight is high but the clouds are accidentally blocking the sunlight. It will cause the 
light intensity to be produced because the reflection from other places which is not affected by sunlight shading 
responded to the sensor. At this point, the light sensor module is not entirely covered by a black shadow. 
However, the light intensity level could be lower than the full daylight.  

Another condition is called overcast weather, defined as the 95% visible area of the sky covered by 
clouds. However, clouds may become transparent, translucent, or opaque depending on the density of their 
water vapor. Therefore, the cloud could block a part of the sunlight to reach the surface chili plant. Usually, 
the overcast weather produced an illuminance value at around 1000 lux. While the condition of twilight is 
during dawn and dusk at two allocated times around 7 a.m to 8 a.m, and 6 p.m. to 7.00 p.m. The sensor reading 
showed weak illuminance and was recorded only at 100lux during both duration periods.  

Finally, moonlight conditions are caused by the reflection of sunlight that comes from the moon's 
surface. Hence, the intensity of moonlight depends on the condition of the moon, which includes the new moon, 
full moon, first quarter, third quarter, etc. The intensity during full moon day intensity showed the highest value 
at around 15 lux. In contrast, on the new moon day, the light intensity has the lowest value of illuminance that 
reached 0lux. Since moonlight is during the period from 8 p.m, to 6 a.m., the intensity can be influenced by 
streetlights. The intensity of LED streetlights which are more substantial than moonlight may probably overlap 
moonlight. As a result, it will cause the light sensor module to capture light intensity results produced by 
streetlights. 

 
4.1. Fuzzy logic controller 

A fuzzy logic controller is essential to declare a vital membership function for five identified 
parameters involved in the SIS process. All the parameters are known as air humidity, temperature, soil 
moisture, irradiance, and water pump duration. Among them, four of the parameters are recognized as an input 
signal while the output signal was the duration of the water pump.  

The prototype used for the soil area is 0.3 m x 0.3 m x 0.3 m with an evaporation rate of 3mm/day. 
From mathematical formulation as represented in (2) thus a 2.7×10-3 m3 water volume that is equivalent to 2.97 
liters required for the system daily. 

 

𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑖𝑛𝑔 𝑒𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 =
ଷ

ଵ଴଴
∗ 0.3 ∗ 0.3 (2) 
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𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑖𝑛𝑔 𝑒𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 = 2.7 × 10ିଷ 𝑚ଷ/𝑑𝑎𝑦 (3) 
 

Thus, the water supply system was set at a one-liter flow rate per minute. The task was successfully 
done using an yfs-201 model as the water flow sensor. The response from the reading among all input sensors 
values is collected to proceed with the fuzzy logic controller task. The suitable membership function was 
decided during the fuzzifying phase. After the defuzzification process hence the corresponding input reading 
to result in the best suitable output is presented in Table 8. In Table 8, the increment of temperature will need 
a higher amount of water volume. In the comparison between day 1 until day 7, there was some reduction in 
terms of the quantity of water volume. Mainly, a thorough analysis has shown that the temperature is high with 
less ambient illuminance was on day 7. The main reason for the factor is because of overcast weather with a 
nominal evapotranspiration rate. On the other hand, the recorded temperature was at maximum level on day 4, 
which has turned for more water volume for reirrigation as the water absorption and the evaporation rate is 
high. 

In the main, the water volume irrigated to the chili plant results in the nearest to the evapotranspiration 
rate as calculated using (2). Therefore, it can be proved that the fuzzy logic Controller action precisely controls 
the water given and it has helped to replenish the water losses daily. Figure 9 describes all data captured through 
various kinds of sensors implemented.  
 
 

Table 8. The fuzzy memberships rules for input and output 

Time 
Condition of the 

day 
Temperature 

range (℃) 
Relative humidity 

range (%) 
Soil moisture 

range (%) 
Ambient light 

range (lux) 
Water volume 

(milliliter) 
Day 1 Cloudy 24.8-46.1 40.3-99.9 62-73 10-43612 2710 
Day 2 Full daylight 25.8-49.2 35.5-95 52-82 14.17-54612.5 2878 
Day 3 Full daylight 23.4-46.1 43.8-99.9 60-78 12.5-54612.5 2917 
Day 4 Full daylight 24.6-49.6 40.3-99.9 63-66 12.5-54612.5 3210 
Day 5 Rainy 26.4-48.8 41.9-99.9 63-80 12.5-54612.5 2741 
Day 6 Cloudy 24.9-43.1 49.6-99.9 63-70 10-47570.83 3046 
Day 7 Rainy 27-40.2 56.2-99.9 62-84 10-34612 2550 

 
 

 
 

Figure 9. Data record captured from database 
 
 

Each data is updated each hour for a day. As a result, a total of 24 hours of data sets have been collected 
successfully throughout the experiment. The specific time of data taken was also stated clearly in the Google 
Sheet using the support of IoT system management. Based on the recorded data, the full daylight which in the 
period from 10 a.m. to 5 p.m. exhibits high light intensity that more than 10,000 lux. From the illuminance 
reading, it is not recommended to irrigate the chili plant since may cause for evaporation before being absorbed 

Date Time temperature(°C) humidity(%) soil moisture(%) flux(lux) water volume(ml)

14/06/2021 0:35:19 28.1 90.3 70 14.17 175
14/06/2021 1:35:24 27.9 90.9 70 14.17 177
14/06/2021 2:35:30 27.6 91.4 68 14.17 175
14/06/2021 3:35:36 26.9 92.6 69 14.17 174
14/06/2021 4:35:45 26.4 93.7 64 14.17 174
14/06/2021 5:35:55 26 94.3 63 14.17 174
14/06/2021 6:36:08 26 94.3 58 14.17 174
14/06/2021 7:36:20 25.8 95 56 1375.83 253
14/06/2021 8:36:47 25.9 95 60 3817.5 175
14/06/2021 9:37:19 27.7 91.6 64 5774.17 175
14/06/2021 10:37:32 36.5 91.6 64 22341.8 0
14/06/2021 11:36:40 42.9 73.4 63 53781 0
14/06/2021 12:37:19 48.6 40 60 58342.3 0
14/06/2021 13:37:19 47.3 42.1 52 56715.8 0
14/06/2021 14:37:19 46 43 66 54387.5 0
14/06/2021 15:37:32 45.4 40 68 42035.83 0
14/06/2021 16:37:33 45.4 41.7 70 54612.5 0
14/06/2021 17:37:07 49.2 35.5 70 13102.5 0
14/06/2021 18:37:40 37.1 53 82 2478.33 0
14/06/2021 19:37:28 33.4 66 72 1052.5 75
14/06/2021 20:37:25 31.8 71.5 69 13.33 175
14/06/2021 21:37:30 31.2 77.8 66 13.33 175
14/06/2021 22:37:35 30.2 83.8 68 13.33 174
14/06/2021 23:37:38 29.8 84.3 70 13.33 174
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by the root of the plant. These crucial data are helpful to monitor the living condition of chili plants without 
walking into the field. In consequence, the human powering in the task of chili plants' irrigation would be 
greatly reduced. Besides that, a precaution in covering by layer up the sensors used in order to ensure it's always 
in good condition and able to function precisely. 
 
 
5. CONCLUSION  

This research is presented a solar system as the main supply to meet the demand of the SIS to be 
entirely operated. As known, solar energy usually is available in the daytime therefore the battery is responsible 
for acting as a backup during night operation. An experiment confirmed that battery operation could be 
sustained for more than three days with no charging. Meanwhile, the power generated from the solar modules 
is also much higher than the load demand for the entire system. Therefore, excessive power will be considered 
as battery storage for future use. Several vital sensors such as the BH1750 light sensor, DHT22 temperature 
and humidity sensor, and soil moisture sensor were recognized and implemented in giving the responses for 
inputs that will influence the output of the 12 V water valve as an action to the water flow sensor. The 
interaction of the operation of the overall sensors is mainly controlled by ESP32 microcontroller utilization. In 
addition, the SIS watering system is intelligently controlled using the fuzzy logic controller. This controller 
will decide the water amount to rinse the chili plant by implementing the membership function rules to utilize 
the water pump timing. The water flow rate has been fixed at a certain level; thus, the water amount output in 
a particular period will be consistent. Upon completion, the best suitable time for the chili plant irrigation 
successfully functioned automatically with the IoT support system. In conclusion, the SIS can be implemented 
on a large scale of crops as well as reduce the human power consumption for the irrigation process at the 
appropriate time. Furthermore, the evaporation reading obtained from the experiment is verified from the 
Melaka state evaporation data information. 
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