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Abstract— As the increasing number of human populations, most live in urban areas with limited farmlands. Hydroponic is one of the 

solutions to grow crops in urban areas. Electrical Conductivity (EC) and scale of acidity (pH) in the hydroponic nutrient solution are 

the important things to be controlled. Controlling EC and pH in hydroponic can increase the quantity and quality of the crop. This 

research suggested a new method to merge fuzzy and Backpropagation Neural Network (BPNN) to control nutrient solutions in a 

Nutrient Film Technique hydroponic, with sensors EC and pH as input. The training data of BPPN are obtained from the 

implementation of the fuzzy technique. Controlling nutrient solutions can use fuzzy methods, but it has a weakness: use greater power 

because sensors require continuous detection. By using BPNN method, sensors only detect once to perform the same control action. In 

this research, the outputs of both methods are the duration of pumps in active conditions to optimize the nutrient solution. Based on 

experiments, the best BPNN model has eight hidden layers with a learning rate of 0.8. The result accuracies which had been obtained 

by alkaline solution (pump A) was 90.77 %, 91.93% for acid solution (pump B), and 91.13% for nutrient fertilizer (pumps C and D). 

The result showed that the use of power for BPNN is less than fuzzy. The average total power used for BPNN method is 68.43% lower 

than the fuzzy method. 
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I. INTRODUCTION

According to the United Nations, the world's population 

could swell to 9.7 billion by 2050. In 2016, it was estimated 

that 54.5 % of the world's population lived in urban areas. 

This number increases every year [1]. The increasing number 

of human populations living in urban areas affect people's 

lives, including the agricultural aspect [2]. People who live in 
the urban areas have limited farmlands [3]. One of the 

agricultural models that can be implemented in urban areas is 

hydroponic. The right water intake and nutrients are very 

important in the hydroponic system [4]. 

Nutrient Film Technique (NFT) is one of the hydroponic 

cultivation methods in which the root of the plant is circulated 

in a shallow water layer. It contains nutrition appropriate to 

the plants' needs [5]. Electrical Conductivity (EC) is a 

measurable amount of salts that dissolved or the fertilizer 

density in a hydroponic solution [6]. EC level is important for 

the plant [7]. It absorbs salts nutrition from the water [8]. Each 
plant in the hydroponic system has a different EC level [9]. 

The controlling of EC values can be done by fuzzy logic [10]. 

The controlling pH using fuzzy logic in addition by inputting 

pH for eel cultivation [11]. Backpropagation Neural Network 

(BPNN) algorithm can predict the amount of solution 

discharge needed by plant to keep EC and pH appropriate with 

the plant needs. BPNN has often been used to predict water 

distribution [12] and monthly rainfall prediction [13]. 

The research of Ponce et al. [8] controlled the output of 

solution in order to be appropriate with the plant needs with 

EC parameter. The use of fuzzy to set nutrition given to 

hydroponic plants using EC level was implemented in 

Ibrahim et al. [10]. According to research performed by 
Salintiro et al [17], pH in the hydroponic affected soil 

nutrients' solubility, resulting in better plant growth. Yolanda 

et al [1] could determine which nutrient solution would be 

given to maintain the value of EC and pH to meet the plant 

needs by using the fuzzy logic method. This Research by 

Yolanda et al. [1] had a weakness that the sensors must detect 

EC and pH continuously to instruct when the nutrient pump, 

acid pump solution and alkaline solution should be active or 

inactive.  

Celery is one of the plants that the hydroponics system can 

plant. Celery (Apium graveolens L.) can be used as 
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complementary cuisine or medicine [14]. The high demand of 

fresh celery has not been fulfilled in Indonesia [15]. Celery is 

a vegetable crop with many benefits and high economic value 

[16]. The research conducted is controlling the nutrient 

solution of the hydroponic system on celery plants with the 

BPNN decision-making method. Compared with the fuzzy 

method, this method has strength in not continuously 

detecting EC and pH, so using the resources for EC and pH 

sensor becomes more efficient. BPNN that was implemented 

in Arduino can keep EC and pH under the plant needs. 

II. MATERIALS AND METHOD 

The research steps are depicted in Fig. 1. The Fuzzy 

method was used to collect data for BPNN training. 

Furthermore, experiments were conducted to compare the 

system's performance based on fuzzy inference and BPNN.  

A. Testing Environment 

This research built the hydroponic system with the 

container of nutrient solution only. There was 1 liter of 

solution that was controlled. This research uses four pumps, 

they are pump A for alkaline solution, pump B for acid 

solution, pump C and D for fertilizer solution. Pump A and B 

have 0.67 ml/sec speed of flowing solution, while pumps C 

and D have 0.48 ml/sec speed of flowing fertilizer solution. 

Alkaline Solution (pH up) has 10% concentration of 

potassium hydroxide for increasing pH value. Acid solution 

(pH down) has 10% concentration of phosphoric acid for 

reducing pH value. They are added with distilled water in 
ratio 1:100. 

B. Celery Plant Nutrition 

The nutrient solution concentration appropriate for the 

plants is needed to achieve the proper growth rate and get the 

maximum crop [10]. Nutrition is an important aspect of 

successfully planting in hydroponic [18]. In a hydroponic 

system, nutritional factors which affect are EC and pH. Celery 

requires an EC value of 2.5 – 3 and a pH value of 6 - 6.5 [19].  

C. Fuzzy Control Nutrient Solution 

This research used a fuzzy system that was adapted from 

[1], which are detailed as follows: 

1. Inputs of fuzzy were EC sensor and pH sensor. 

2. The membership functions for celery were: 

a. The degree of membership values of pH acid (x) can 

be seen in Eq. (1) and Eq. (2): 

 µ�ℎ����_	�
ℎ[�] = � 1 � ≤ 6�.����.��� 6 ≤ � ≤ 6.50 � ≥ 6.5 � (1) 

 µ�ℎ����_���[�] = � 1 � ≥ 6.5����.��� 6 ≤ � ≤ 6.50 � ≤ 6 � (2) 

 

where x: observed value 

b. The degree of membership values of pH alkaline (x) 

can be seen in Eq. (3) and Eq. (4): µ�ℎ� !� �"#$%&'[�] = 

 � 1 � ≤ 6�.����.��� 6 ≤ � ≤ 6.50 � ≥ 6.5 � (3) 

µphAlkaline_Low[x] = 

 � 1 x ≥ 6.5�.�-7�.�-� 6 ≤ x ≤ 6.50 x ≤ 6 � (4) 
where x: observed value 

c. Value degree of memberhip, EC (x) can be seen in 

Eq. (5), Eq. (6) and Eq. (7): 

 µ89_���[�] = � 1 � ≤ 1.5:.���:.��;.� 1.5 ≤ � ≤ 2.50 � ≥ 2.5 �  (5) 

µ#�=[�] = 

 > 0 � ≤ 1.5 �?�@ � ≥ 4(� − 1.5)/(2.5 − 0.8)   1.5 ≤ � ≤ 2.51 2.5 ≤ � ≤ 3(4 − �)/(4 − 3)  3 ≤ � ≤ 4 H (6) 
 µ89_	�
ℎ[�] = � 1 � ≤ 4��IJ�I 3 ≤ � ≤ 40 � ≤ 3 � (7) 

where x: observed value 

d. The degree of membership values of pump (z) can be 
seen in Eq. (8), Eq. (9), Eq. (10), and Eq. (11): µ�	K@L�MN[�] = 

 � 1 � ≤ 6�.����.��� 6 ≤ � ≤ 6.50 � ≥ 6.5 � (8) 

 µ�	K@L�MOO[�] = 

 � 1 � ≥ 6.5����.��� 6 ≤ � ≤ 6.50 � ≤ 6 � (9) 
µ89K@L�MN[�] = 

 � 1 � ≤ 2.5I��I�:.� 2.5 ≤ � ≤ 30 � ≥ 3 � (10) 
µ89K@L�MOO[�] = 

 � 1 � ≥ 3��:.�I�:.� 2.5 ≤ � ≤ 30 � ≤ 2.5 � (11) 
where x: observed value. 

3. The fuzzy rules to control hydroponic celery nutrient 

solution were: 

a. The First Rules 

Table I is the rules defined to control the 

hydroponic nutrient solution for pH acid. For 

example, if EC is low and pH acid is high, pump 
A, C, and D are on. 

b. The Second Rules 

Table II is the rules defined to control 

hydroponic nutrient solution for pH alkaline. 
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Fig. 1 Research Step 

 

 
Fig. 2 The BPNN Model 

TABLE I 

THE FIRST RULES 

IF-

THEN 
pH Acid High pH Acid Low 

EC Low 
Pump A ON AND Pump 

C ON AND Pump D ON 

Pump A OFF AND Pump 

C ON AND Pump D ON 

EC 

Optimal 

Pump A ON AND Pump 

C OFF AND Pump D 

OFF 

Pump A OFF AND Pump 

C OFF AND Pump D OFF 

EC 

Tinggi 

Pump A ON AND Pump 

C OFF AND Pump D 

OFF 

Pump A OFF AND Pump 

C OFF AND Pump D OFF 

TABLE II 

THE SECOND RULES 

IF-THEN pH Alkaline Low pH Alkaline High 

EC Low 

Pump B OFF AND 

Pump C ON AND Pump 

D ON 

Pump B ON AND Pump C 

ON AND Pump D ON 

EC 

Optimal 

Pump B OFF AND 

Pump C OFF AND 

Pump D OFF 

Pump B ON AND Pump C 

OFF AND Pump D OFF 

EC High 

Pump B OFF AND 

Pump C OFF AND 

Pump D OFF 

Pump B ON AND Pump C 

OFF AND Pump D OFF 

 

4. The defuzzification to change fuzzy sets into reduction 
factor using the Eq. (12)  

 P = ∑ RS.TUVWXY∑ RSVWXY  (12) 

Where: P is the crisp output, Z� is the aggregated 

membership function, [S  is the output variable, and n is 

number of observations. 

D. BPNN 

This research used the backpropagation method in its 

training, with a multilayer network consisting of three layers. 

The layers were input layer, hidden layer, and output layer. 

BPNN was used to build an automatic model which were 

expected to use smaller energy, because BPNN retrieved the 
data of nutrient solution only once. It was different from fuzzy 

that retrieved the data of nutrient solution continuously. The 

model of BPNN that was used in this research can be seen in 

the Fig. 2. 

III. RESULTS AND DISCUSSION 

This research used MATLAB Student R2018a for BPNN 

training. A PC ran it with processor Intel Core i5 of 2.6 GHz 

speed and 8GB RAM. 

A. Fuzzy Evaluation 

This phase aimed to ensure whether or not EC sensor and 

pH sensor as fuzzy inputs and decision making of fuzzy 

methods were meet the predetermined rules. The experiments 

show that the fuzzy method results for controlling nutrient 

hydroponic solution provides the target range. Therefore, 

fuzzy method can be used for collecting data in neural 

network.  

B. Training and Validation Data for BPNN 

The implementation of the BPNN algorithm used training 

and testing data from the fuzzy method applied in section A. 

The output of BPNN is activation pump duration to reach 

levels of EC and pH that has been defined. The experiment 

was repeated three times with EC and pH in the same level. 

Table III shows some examples of training and validation data. 

Initial EC and Initial pH were obtained from the sensor, while 

Time Pump is the time activation pump resulting from the 
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fuzzy method when producing optimal EC and pH (column 

Result EC and Result pH) for celery plant. There were 106 

data produced by the fuzzy method.  

TABLE III 
DATA SAMPLE OF TRAINING AND VALIDATION DATA 

No 
Initial 

EC 

Initial 

pH 

Time Pump  Result 

EC 

Result 

pH (second) 

A B C D   

1 0.1 6.3 15 0 21.7 21.7 2.64 6.21 

2 0.16 6.9 60.4 0 21.4 21.4 3 6.21 

3 0.19 7 77 0 18 18 2.67 6.37 

4 0.2 6.85 0 26.3 15.2 15.2 2.58 6.46 

5 0.23 6.5 70 0 20.4 20.4 2.76 6.37 

6 0.4 4 79 0 14.7 14.7 2.73 6.5 

7 0.4 5.02 60.3 0 16.5 16.5 2.81 6.38 

8 0.4 6.05 48.2 0 15.3 15.3 2.96 6.23 

9 0.4 6.92 40.5 0 16.5 16.5 2.87 6.25 

10 0.4 7 0 0 16.5 16.5 2.74 6.22 

C. Data Normalization 

Data normalization was needed because several variables 

had different values. Normalization in this research served to 

transform data into range 0-1. It can be calculated by using Eq. 

(15). The fuzzy normalized data that were used for training 

and validation in BPNN are shown in Table IV. 

TABLE IV 
THE RESULTS OF NORMALIZATION DATA 

No 
Initial 

EC 

Initial 

pH 

Time 

Pump 

A B C D 

1 0 0.3402 0.0652 0 1 1 
2 0.0207 0.4021 0.2626 0 0.9862 0.9862 
3 0.0310 0.4124 0.3348 0 0.8295 0.8295 
4 0.0345 0.3969 0 0.1638 0.7005 0.7005 
5 0.0448 0.3608 0.3043 0 0.9401 0.9401 
6 0.1034 0.1031 0.3435 0 0.6774 0.6774 
7 0.1034 0.2082 0.2622 0 0.7604 0.7604 
8 0.1034 0.3144 0.2096 0 0.7051 0.7051 

9 0.1034 0.4041 0.1761 0 0.7604 0.7604 
10 0.1034 0.4124 0.0000 0 0.7604 0.7604 
 

 \�]L�  ( %̂) = (_W�`%N(_))(`a� (_)�`%N(�)) (15) 

Where: Min(x) is min value from data list, Max(x) is max 

value from data list. %̂ is observed value. 

D. BPNN Training 

The data in this research were divided by 80% for training 

and 20% for validation. This research used BPNN model with 

1 hidden layer with eight neurons and 5000 iterations with the 

learning rate of 0.8. This best model was obtained from the 

model that had the smallest MSE value. The training was 

performed using Matlab Student R2018a with the traingd as 

the training network function. The transfer functions used are 

logsig and tansig. C and D pumps were put together in the 

training phase because both pumps must have the same 

activation time. 

E. The Results of Training 

The best validation performance result obtained at the 

numbers of epoch 1718, which produced the smallest Mean 

Squared Error (MSE) at 47418 x10-3. The level of errors in 

BPNN algorithm usually is measured using Root Mean 

Square Error (RMSE). The lower the error level, the better 

methodology that was used. Another parameter that can be 

used to measure the performance is Mean Absolute 

Percentage Error (MAPE), which is the percentage of error 

actual value and predictive value [20]. It is also used to 

measure the value of deviation from the actual value and 

predictive value. The RMSE and MAPE are calculated using 

Eq. (13) and Eq. (14), and results are shown in Fig. 3. 

 bcd8 = e∑ (ŷg�hg)iVjXY N  (13) 

 klmn =  op ∑ | hg�ŷghg |prso  (14) 

Where: ŷg predicted value, t% observed value, and n number 

of observations. 
 

(a) Time activation of alkaline solution’s pump 

 
(b) Time activation of acid solution’s pump 

 
(c) Time activation of EC solution’s pump 

Fig. 3 The result of training 
 

Once the prediction results are known, the accuracy level 

of data obtained from the model can be calculated. The fix 

model obtained validates data which already been segregated. 

We can see in Fig. 3 (a) and Fig. 3(b) that the pump A and B 

controlling nutrient solution for pH produce identical actual 
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and prediction values. A similar pattern result also obtained 

from pump C that controls the EC, as shown in Fig. 3(c). 

F. The Comparison of Accuracy and Power Use 

This step compares the accuracy and power usage of the 

fuzzy and BPNN methods. Both methods were compared 

using the same nutrient solution and same target range for 

celery plants by doing eight testing. The accuracy comparison 

was made by plotting the pH and EC value produced by both 
methods, and the minimum and maximum values should be 

referred to. The comparison was made for the power usage by 

measuring battery tension and current used before and after 

testing and then calculating the wattage.  

Fig. 4(a) shows that the BPPN method outperforms the 

fuzzy method by producing more consistent pH values in the 

specified range (6.0-6.5). In Fig. 4(b), we can see that the 

BPNN method could adjust EC according to plant needs (2.5-

3). In the experiment using the fuzzy method, the pump 

stopped when it reached the value in the specified range. But, 

its value kept growing up/down and sometimes had a 
higher/lower value than the plant desired. It happens because 

the sensor continuously collects data while mixing evenly of 

the nutrient solution spend more time. That causes the 

accuracy result for the fuzzy method to be worse than the 

BPNN method for those measurements. 
 

 
(a) The comparison of pH accuracy 

 

 
(b) The comparison of EC accuracy 

Fig. 4 The comparison of pH and EC accuracy 

The comparison of power usage measurement results can 

be seen in Fig. 5. The use of power for the BPNN method was 

smaller than that of the fuzzy method since the BPNN method 

only needs to read the sensor once for optimizing the nutrient 

solution that plants need. It was contradictive with the fuzzy 

method that doing sensing over time until the assigned value 

was achieved. Consequently, implementing a fuzzy method 

requires greater power than that of BPNN. 

 

 
Fig. 5 The comparison of power usage 

IV. CONCLUSION 

Experiments results in this research showed that the fuzzy 

and BPNN could be implemented to control the hydroponic 

nutrient solution of the celery plant. The fuzzy method had 

lower accuracy and higher power consumption levels than the 

BPNN method, which had higher accuracy and lower power 

consumption. The fuzzy method produces worse accuracy 

because although the pumps stopped when they achieved the 

assigned value, the value kept growing up/down out of the 

specified range. The sensor continuously collected data until 
the assigned value was reached, which caused extensive 

power consumption. On the contrary, the BPNN method only 

needs to collect data once, taking lower power usage. By 

using data from the learning method in BPNN makes its 

accuracy better. The BPNN method produces 68,53% less 

energy consumption than the fuzzy method. 
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