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Fuzzy Logic-Based Control System to Maintain pH 
in Aquaponic 

 

 

 

Abstract—One of the important things in an aquaponic 

system is to keep the pH value of the water stable, so a system is 

needed to maintain the stability of the pH value. This paper 

describes the design of a pH control system in an aquaponic 

system based on fuzzy logic control. The system was developed 

using 2 pH sensors, a pH A sensor placed in the aquarium and a 

pH B sensor placed in hydroponics. The system also used 2 

motor pumps, the first pump aimed to increase the pH value (pH 

up), and the second pump aimed to lower the pH value (pH 

down). In order to set the addition or reduction of pH to be more 

stable, a fuzzy logic algorithm was implemented to control the 

length of time the pump motor works. Testing the response 

system of the acid water to reach the set point took 11 seconds, 

the delay time td was 4 seconds, the rise time tr was 3 seconds. 

However, in alkaline water, it reached the set-point for 11 

seconds, the delay time td was 3 seconds, the rise time tr was 2 

seconds, and both occurred without overshoot. 

Keywords— pH control system, aquaponik, fuzzy logic, motor 

pump 

I. INTRODUCTION 

Nowadays, aquaponics is one of the best ways of food 
production systems that combines aquaculture with 
hydroponics, the cultivation of nutrient-rich water is 
distributed to hydroponic plants by involving nitrification 
bacteria to convert ammonia into nitrates [1]. To make optimal 
aquaponics, an intelligence system is needed in aquaponics. 
Since technology is growing rapidly, many researchers are 
trying to develop smart urban farming, especially aquaponics 
using various methods and approaches [2][3][4]. 

Aquaponics consists of two important components, 
namely the hydroponic section where plants grow, and the 
aquaculture section where fish are raised [5]. To keep fish 
alive, we must maintain the pH of the water in a stable and 
controlled culture [6]. Along with a very busy urban lifestyle, 
manual monitoring systems may be difficult at this time, so an 
automatic control system is needed to control the pH of the 
water in the aquaponics system in order to regulate the 
production process as targeted [7]. 

Studies on monitoring and controlling water pH levels 
have been carried out by several researchers [8] [9] [10]. So 
many methods have been applied to control the pH level, one 
of them is fuzzy logic [11] [12] [13] [14]. Fuzzy logic model 

is one of methods that can be used to control several variables 
in order to obtain the output we need. In the process of 
utilizing fuzzy logic, there are several things that must be 
considered, one of them is how to process input into output 
through a fuzzy inference system [15]. Fuzzy logic can be 
used to determine the length of time or motor rotation speed 
by setting the duty cycle for each motor [16] [17] [18] [19] 
[20]. 

In this paper, it is proposed Mamdani fuzzy inference model 
embedded in Arduino Uno to control pH in an aquaponics 
system. The system is expected to be able to control the pH 
value according to the set value with a stable and fast response. 

II. THE PROPOSED SYSTEM DESIGN 

A. Schematic Design 

The control system used in this study was a closed loop 
control system. The system was developed using Arduino Uno 
microcontrollers, two pH sensors, namely pH A sensors 
placed in the aquarium and pH B sensors placed in 
hydroponics. The system also used 2 pump motors, the first 
pump motor served as an enhancer of pH value (pH up) if the 
pH was below the limit and the second pump motor was used 
to lower the pH value (pH down) if the pH value exceeded the 
limit. The control uses Mamdani fuzzy logic which produces 
output in the form of values in the fuzzy set domain, which are 
categorized into linguistic components and used to regulate 
the time of the motor works in increasing or decreasing pH. 

 

Fig. 1. Control system diagram. 
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The length of time of the motor works is conducted by 
adjusting the amount of duty cycle on each motor. The system 
scheme developed can be seen in Fig. 1. 

If the desired pH value has not been achieved, the process 
will continue to repeat until the sensor detects that its output 
has matched the reference value. Aquaponics systems are 
designed for all aquaponics sizes using the DFT (Deep Flow 
Technique) system. 

B. Controller Design Based on Fuzzy Logic 

1) Membership function 

The output data of this system is the value of the pH A 
sensor and the pH B sensor, while the control output is the 
motor variable pH up (to raise the pH) and the motor variable 
pH down (to lower the pH). After determining the value of the 
controller output, inputting linguistic terms are written as 
listed in Table I and the output is in Table II. 

The acidity variables are detected by sensors of both pH A 
and pH B that are divided into three categories, namely Acid, 
Neutral, and Alkaline. The membership function of the pH B 
sensor can be seen in Fig. 2 and Fig. 3. The membership 
function equation for the sensor variables pH A and pH B is 
presented as follows: 
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The process of increasing the pH value is conducted using 

a pH up motor, i.e., if the water is acidic. The variables formed 
consist of four categories, namely Stop, Short, Medium, and 
Long. The pH up motor membership function can be seen in 
Figure 4. The membership function equation for the pH up 
motor variable is presented as follows: 
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On the other hand, lowering the pH value is carried out 
using a pH down motor. This occurs when water is alkaline. 
The variable is formed into four setting values, namely Stop, 
Short, Medium, and Long. The membership function of the 

pH down motor can be seen in Fig. 4. The equation for the 
membership function of the pH down motor variable is stated 
as follows: 
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TABLE I.  LINGUISTIC TERM OF INPUT 

pH Value 
Linguistic Term Input 

pH-A Sensor TDS-B Sensor 

[0 0 6 6.5] Acid [0 0 6 6.5] 

[6 6.5 7.5 8] Neutral [6 6.5 7.5 8] 

[7.5 8 14 14] Alkaline [7.5 8 14 14] 

TABLE II.  LINGUISTIC TERM OF OUTPUT 

Motor Time (ms) 
Linguistik Term Output 

pH Up pH Down 

[0 0 0 0] Stop Stop 

[0 0 1500 2000] Short Short 

[1500 2000 3000 3500] Medium Medium 

[3000 3500 5000 5000] Long Long 

 

 
Fig. 2. Membership function of pH-A sensor. 

 
Fig. 3. Membership function of pH B sensor. 



 

Fig. 4. Membership function of motor pH up. 

 

Fig. 5. Membership function of motor pH down. 

2) Fuzzy Logic Rules 

The step that proceeds after determining the membership 
function of each variable is to determine the fuzzy rules. There 
are 9 rules that generate 36 possibilities as shown in Table III. 
The realization of the developed aquaponics system can be 
seen in Fig. 6. The system consists of 2 pH sensors, 2 motor 
pumps, 36l aquarium, 3-inch pipe, 0.5-inch pipe, elbow pipe, 
and T pipe. Fig. 7 shows the pH sensor section connected to 
the Arduino Uno and the 1000 mAh Lippo battery as the 
power source. By using a fuzzy control system, the output 
value will be sought in the form of the length of the pH up 
motor and the pH down motor alternately in order to stabilize 
the acidity degree in the aquaponics system.  

 
Fig. 6. Aquaponic System. 

 
Fig. 7. Controller device 

 
Fig. 8. Time for stabilize when acidic condition. 

 
Fig. 9. Time for stabilize when alkaline condition. 

 
Fig. 10. Comparation of pH when acidic condition. 

III. RESULT AND ANALYSIS 

In this study, we made fuzzy logic modeling in the pH 
control systems in aquaponics. Testing the response of the pH 
stability system in the aquarium was carried out for 15 
seconds. This test aims to find out how long the motor takes 
to reach the reference value (set-point). Testing the system 
response of when the water is in acidic conditions can be seen 
in Fig. 8. The first measurement using the sensor obtained a 
pH value of 4.3. The pH up motor responds to the existing 
conditions to increase the pH value into a value that matches 
the set point. The time required to reach the set-point is 11 
seconds, the delay time td is 4 seconds, the rise time tr is 3 
seconds, and without overshoot. 

Meanwhile, the test for alkaline water conditions produces 
a response as shown in Fig. 9. At the beginning of the test, the 
sensor reads a pH of 9.3. The pH down motor responds to 
existing conditions to lower the pH value in order to match the 
predetermined set-point value. The time required to reach the 
set point value is 11 seconds, the delay time td is 3 seconds, 
the rise time tr is 2 seconds, and without overshoot. 



With a pH set-point value of 7, a comparison of the 
response is conducted, when the water is acidic, the systems 
using Fuzzy and without Fuzzy are carried out. The 
comparison of the results obtained can be seen in Fig. 10, the 
system with Fuzzy takes 11 seconds to reach the set point and 
the system response is steady in 12 to 15 seconds, while the 
system response without Fuzzy reaches the set point within 3 
seconds, but there is an overshoot and it does not reach the 
steady state position.  

IV. CONCLUSION  

 In this study, a Fuzzy-based control system was 
successfully created to control the pH value in aquaponics. 
The test results for the response of the acid water system took 
11 seconds to reach the set-point, the delay time td was 4 
seconds, and the rise time tr was 3 seconds, while alkaline 
water took 11 seconds to reach the set-point, the delay time td 
was 3 seconds, rise time tr was 2 seconds, and without 
overshoot. When compared, the system response from acidic 
conditions with an experiment for 15 seconds, between 
systems using fuzzy logic and systems without using fuzzy 
logic showed that the fuzzy logic system reached the set-point 
within 11 seconds and the steady in 12 to 15 seconds, while 
the system without Fuzzy logic reached the set-point within 3 
seconds but overshoots and it did not reach steady state 
position.  
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