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 The right level of nutrients is crucial for chilli cultivation as the crop requires 

different nutrient levels at different growth stages.  The current fertiliser 

supply needs many human resources, which is time-consuming.  Thus, an 

automatic nutrient controlling system giving the exact amount of fertiliser 

based on Fuzzy logic and IoT technology is proposed in this paper. The 

proposed system uses Hostinger platform to monitor water level, electrical 

conductivity (EC) and pH values in real-time. Fuzzy membership functions 

and rules decide the precise amount of nutrients to chilli plants based on the 

EC value and water level at each growth stage. The Fuzzy membership 

functions are designed according to the nutrients requirement in each chilli’s 

phenological stage. The proposed system results are compared with the 

traditional approach, where fertilisers are supplied manually every week. The 

experiment results showed that the proposed system could meet the precise 

and automatic fertiliser addition requirement, eliminate human intervention 

and ensure the plants grew well. 
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1. INTRODUCTION  

According to United Nations Population Division, the world population increases as time goes by, 

and it is expected to reach 9.7 billion by 2050. With this, the demand for food is expected to increase drastically 

by 2050 [1]. Hence, crop production needs to be increased to meet the critical demand. It is well known that 

crop production is highly related to the total amount of nutrients provided to plants, where the right amount of 

nutrients at the right phenological stage can enhance crop production and quality [2]. The index of salt 

concentration is used as an indication of nutrients in the solution. It is measured through electrical conductivity 

(EC) generated by ions produced when fertiliser is dissolved in water. The optimum EC value is significant as 

a low EC value leads to malnutrition in plants [3]–[7]. In the conventional way of measuring nutrient content, 

farmers use a handheld EC meter to measure EC values routinely to ensure the EC values are at the optimum 

range, which is tedious and inconvenient [4]. Furthermore, some farmers only rely on their experience to add 

fertiliser to nutrient solutions [1], which is sometimes inaccurate and even affects the plant’s growth with slight 

changes in EC value for plants sensitive to EC [8].  

IoT has helped achieve better crop management, resource management, cost-effective crop and field 

monitoring [9]–[11]. IoT technology has been explored intensively in the agriculture field. In [12], Perwiratama 

et al. used IoT in a smart hydroponic farming system that provides climate and nutrient information. The 

authors concluded that IoT could help humans do menial tasks in agriculture, thus reducing human labour. In 

[13], Puranik et al. introduced an IoT-based water management system for a farm. The system checks the soil 
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moisture and irrigates automatically according to the soil moisture. The authors concluded that IoT in 

agriculture provides convenience and time efficiency to farmers. In [14], the authors claimed that the proposed 

IoT system eases monitoring and controlling the nutrient solution’s water level and EC value for an NFT 

system. The system also promotes healthy plant growth based on a relative growth rate. This statement is 

supported by C. Hairu et al.[15], which also uses IoT to monitor surface temperature and moisture content 

inside a low-cost urban greenhouse in real-time. Studies have shown that fertiliser utilisation can be efficient 

with the implementation of the Internet of Things (IoT) [8], [16]. Compared to traditional farming methods, 

IoT requires minimum human intervention, and provides faster access and time efficiency [13], [17]. 

Utilising Fuzzy classifier for controlling EC levels has received significant attention [18]. In [19], 

Mashumah et al. designed Fuzzy logic control for the Nutrient Film Technique (NFT)-based hydroponic 

system. The setpoint value of the EC was predicted via HSV (Hue, Saturation, Value) Histogram. The authors 

claimed that the Fuzzy logic control could provide nutrients following the age of the plant with an error rate of 

8.9%. In [20], a Fuzzy logic-based program that provides an appropriate amount of fertiliser to soil was 

proposed. The Fuzzy decision is based on season, nitrogen, phosphorus, and potassium levels for the use of 

rice in inbred light soil. A two-phase fuzzy-based approach was proposed in [21] to predict soil nutrients, where 

the pH value of soil was predicted in phase one, depending on the previous time-series pH value of the soil by 

using the Fuzzy model. Then the regression model was employed in phase two to predict soil nutrients based 

on the predicted pH value. The result analysis showed that the experimental results outperformed statistical 

parameters. In [22], Fuzzy logic determined the nutrient level of the soil based on the features extracted from 

the captured images. Puno et al. [23] applied Fuzzy Logic to maintain water and nutrients at the NFT system’s 

optimum level. Yolanda et al. [24] also used fuzzy logic methods to control the EC values in the NFT system. 

Apart from monitoring and controlling all parameters remotely, the system took around 101 seconds to restore 

the lowest EC value to be ideal and approximately 89 seconds to restore the highest EC value to an ideal 

condition. 

Inspired by the previous studies, a Fuzzy-based fertiliser controlling system with an IoT technology 

for remote monitoring is proposed in this study. The Fuzzy membership functions and rules that decide the 

amount of fertiliser to be pumped into the mixing tank, are designed based on the chili plant’s phonological 

stage, EC, and water level values, as explained in the following section. The rest of the paper is organised as 

follows; the sytem structure and process are presented in section 2; the mathematical modelling in section 3; 

results and discussion in section 4; and conclusions and further studies in the last section. 

 

 

2. SYSTEM STRUCTURE AND PROCESS 

The proposed study was conducted at the Faculty of Engineering, Universiti Putra Malaysia, and the 

experiments were performed on 28 chilli plants in a greenhouse in an urban area. The nutrient solution is 

provided to plants through drip irrigation, from a nutrient mixing tank, as shown in Figure 1. The nutrient 

mixing tank mixes water from the tap and the concentrated fertiliser A and B solutions from fertiliser tanks. 

Raspberry Pi is the microcontroller that controls the irrigation, where Fuzzy membership functions and rules 

perform the decision.  

 

 
 

Figure 1.  The experimental setup 

 

The process involved can be categorised into three main parts, namely, 1) sensing and actuation, 2) 

processing, and 3) cloud and data display, as illustrated in Figure 2. The sensing part consists of three sensors, 
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namely ultrasonic sensor (HC-SR04), EC sensor (A1005) and pH sensor (H-101 pH electrode). These sensors 

measure the water level, EC and pH values in the mixing tank. The decision produced by the Fuzzy system in 

the Raspberry Pi is executed by actuators, which are the  WP-4000, HJ-541 and  R385 DC pumps. Both WP-

4000 and HJ-541  pumps are placed in the mixing tank, while the R385 DC pump is placed in the fertiliser 

tank. Water is supplied to chilli plants through the WP-4000 pump that operates at the voltage of 220-240V, 

with a power of 40 Watts. The HJ-541 pump operates at the same voltage but is used to stir the water in the 

mixing tank, to ensure the water and the concentrated fertilisers A and B, pumped by the R385 DC  pump, mix 

well in the mixing tank before irrigating plants. The Raspberry Pi controls all the water pumps through relays. 

 

 
Figure 2. Overall process. 

 

 

In the processing stage, the amount of fertilisers A and B to be pumped into the mixing tank are based 

on the plant’s phenological stage [25][26], as shown in Table 1. If the EC value in the mixing tank is lower 

than the optimum range, the adding of fertilisers and stirring process will continue until the EC value reaches 

the optimum level.  

 

Table 1. EC value according to plant’s stages [25][26]. 
Chilli stage Seedling state Vegetative state Flowering state Fruiting state 

Week 1 2-5 6-11 12 - end of season 

EC values (mS/cm) 1.5-1.8 2.0-2.3 2.4-2.8 2.8-3.2 

 

 

The process in the processing part is illustrated in Figure 3 and Figure 4. The first step is to stir the 

solution in the mixing tank, followed by the sensor reading. All sensor data would be checked for validity 

before further processing. In our developed IoT system, the system will alert the user by sending an email if 

the water level or pH in the nutrient mixture tank is at an extreme level, either extremely low or extremely 

high, allowing users to take quick action. After the sensor reading, the system will check the plant’s 

phenological stage, where the decision performed by the Fuzzy method to add the amount of concentrated 

fertilisers A and B into the mixing tank is based on the phenological stage. Figure 4 shows the process 

performed by the fuzzy logic controller. EC inputs on specific phenological stage and water level values are 

passed to a fuzzifier, translating real-valued inputs into fuzzy values. The pH value of the solution in the mixing 

is measured only for monitoring purposes, as the pH value in the mixing tank is always at the optimum level 

for chilli plant growth based on our observation. An inference engine applies a fuzzy reasoning mechanism 

based on the designed Fuzzy sets and rules to obtain a fuzzy output. Each element in the Fuzzy sets is mapped 

to [0,1], with 0 representing absolute falseness and 1 representing whole truth, based on expert knowledge. The 

Fuzzy rules are in the form of “if-then” rules. Then, a defuzzifier translates the output into a crisp value that 

transforms into the duration of irrigation in seconds, executed by the actuators. This process is performed 

weekly and this is based on the recommendation by Yue et al [14], where excessive nutrient leads to slow 

growth, or plants can even die. 

At the cloud and data display stage, the data is send to the cloud database and displayed on the 

developed website, namely http://chillifertigationsystem.hol.es/login.php, to enable users to monitor the 

information remotely. The data from the sensors are displayed hourly. The website was developed using 

HTML, PHP, and CSS language code, which includes a login page, homepage, and a page for displaying 

collected data. The user is required to register an account to access the website.  
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Figure 3. Flow chart representing the processing part. 

 

 

 
Figure 4. Fuzzy logic controllers in the processing part. 

 

 

3. MATHEMATICAL MODELLING 

3.1. Fuzzy membership functions 

As mentioned previously, the EC range for each plant’s phonological stage is different. Thus, the 

Fuzzy sets of EC and the output pump duration are different for each phenological stage, as shown in Figure 5 

to Figure 8. The EC fuzzy sets are expressed as “low”, “optimal” and “high”, while the fuzzy sets for the output 

that is the duration of A and B fertilisers will be pumped into the mixing tank are expressed as “stop”, “short”, 

“medium” and “long”. The membership functions’ specific values are decided based on sensor calibration, 

expert knowledge and experience in chilli cultivation. 
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Figure 5.  EC and output membership functions at the seedling 

 

 
Figure 6.  EC and output membership functions at the vegetative stage 

 

 

 
Figure 7.  EC and output membership functions at the flowering stage 

 

 
Figure 8.  EC and output membership functions at the fruiting stage 

 

Nevertheless, the water level setpoint is similar for all the growth stages of plants, where the water 

level membership functions are expressed as “low”, “optimal” and “high”, as shown in Figure 9. The range 

defined by each Fuzzy set is based on the sensor calibration data. 
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Figure 9.  Water level membership functions at all chili crop stages. 

 

3.2. Fuzzy rules 

The Fuzzy rules used in the experiments are shown in Table 2. In the case where the EC value is high, 

the decision by the fuzzy operation is no fertilisers are pumped into the mixing tank. The same action is 

performed when the EC value is at the optimum level and the water level is optimal or high. The time allocated 

for long is 75 seconds, where the reading in the mixing tank will be reached up to 3.5 mS/cm, which is the 

maximum EC value. The allocated output range for the duration of the working pump is based on the EC sensor 

calibration.  

 

Table 2. The Fuzzy Rules 
No EC Water level Output 

1 low low medium 

2 low optimal long 

3 low high long 

4 optimal low stop 

5 optimal optimal stop 

6 optimal high short 

7 high low stop 

8 high optimal stop 

9 high high stop 

 
 

4. Results and discussion 

The experiments were performed on 28 chilli plants in a greenhouse, and the data collection was 

performed for 11 weeks, where the data includes all the sensor data and plant growth measurement. The 

measured parameters are average plant height, average leaf width, average leaf length, average stem perimeter, 

and average plant crown. The collected data are displayed on http://chillifertigationsystem.hol.es/, in the table 

as shown in Figure 10. The EC values trend during the 11 weeks is shown in Figure 11. 

 

 
Figure 10. Data display page 
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Figure 11.  EC values trend. 

 

The graph shows that the EC reading decreased gradually before adding the fertiliser. However, a 

drastic increase can be observed after the A and B fertilisers were pumped into the mixing tank. The trend is 

approximately similar every week as the fertiliser is only pumped into the mixing tank once a week. The 

fertilisers are only added once a week based on the findings in [14], where these fertiliser greatly influenced 

plant growth, where some plants died, and some had shown slow growth when A and B fertilisers were 

frequently given, such as more than once a week. The plants grown in the proposed system is compared with 

those developed using the traditional method, where the fertilisers were added manually every week. The 

system’s performance is observed through plant growth measurement with 11 weeks of data shown in Figure 

12 and the relative growth rate(RGR) calculated using equation (1) [12] is shown in Figure 13.  

 

 𝑅𝐺𝑅 =  
ln 𝑆2 − ln 𝑆1

𝑇2 −  𝑇1
 ×  100%     (1) 

 

where S2 is the final measurement at T2; S1 is the initial measurement at T1; T2 is day 77 for the last 

measurement taken; T1 is day 1 for the initial measurement taken. 

 

 

 
Figure 12. Comparison of average plant measurement for all growth parameter 
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The results showed that the performance of the proposed system is approximately similar to the 

traditional method. However, the plant crown from the proposed system is growing faster than the traditional 

system. In terms of plant leaves, the plant leaves in the first five weeks grew faster than the rest weeks. This 

showed that the proposed system gave better performance because the first few weeks are the most crucial 

phase of plants, and fuzzy logic worked significantly. The plant RGR of the plant parameters, as shown in 

Figure 13, is less than 0.5%, indicating a minor influence on plant growth between the two systems. Even 

though the performance of the plant growth is approximately similar, the proposed system has many advantages 

compared to the traditional method, where the system eliminates the requirement of closed monitoring by 

human labour with the utilisation of a few economical devices; it allows users to monitor the sensor data in 

real-time remotely and provides an accurate fertiliser supply on different plant growth stages 

 

 

 
Figure 13. RGR for all the plant growth parameters 

 

 

5. CONCLUSIONS 

An intelligent IoT-based nutrient monitoring and controlling system proposed in this paper provides 

many advantages such as ensuring an accurate fertiliser supply on different plant growth stages, allowing 

remote monitoring in real-time and most importantly eliminating the need for human intervention that is time-

consuming and costly. In terms of the chilli plant growth performance, the results have shown that the 

performance of the proposed system is approximately similar to the traditional approach. However, the 

intelligent and automatic process offered by the proposed system has made the execution of the farming 

activities becomes effective and economical. In future, the proposed system can be further improved by adding 

surveillance cameras to automatically capture plant images that can be used to develop an automated pest 

detection system or automated plant growth measuring system. 
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