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Abstract: Ebb and flow hydroponic system is one of the hydroponics techniques that work by flowing the growth media with nutrient solution for a certain 

period time and the unabsorbed nutrient is then fed back to the tank. Normally, this hydroponics system uses a timer for the water filling process which 
causes inefficient used of nutrient solution. This paper proposes the ebb and flow hydroponics system based on fuzzy logic to control the working of 
pump in distributing the nutrient solution to the growth media. The control system was implemented using Arduino UNO with temperature sensor and soil 
moisture sensor as a transducer input and dc motors as actuators channeling nutrients to the planting media. The results confirm that design of fuzzy 

logic control is able to realize and working properly. There are several operating schemes obtained during testing at temperature of 30 C including: (1) 
fast-rotating of pump  upon reaching moisture of 0.1% RH, (2) medium-rotating of pump  at  moisture is 30% RH, (3) slow-rotating of pump at moisture of 
50% RH, and (4) pump-off at moisture of 74.2% RH. The experimental results have also been validated with Matlab simulation and manual mathematics 
calculation. The actual testing was performed by growing green bean plants resulting 22 cm height of plants with 14 leaves after 28 days. 
 
Index Terms: fuzzy logic; hydroponics; ebb and flow; water filling  

———————————————————— 

 

1 INTRODUCTION 
Hydroponic is a method of growing plants using mineral 
nutrient solutions, without soil. Terrestrial plants may be grown 
with their roots in the mineral nutrient solution only or in others 
growth medium, such as perlite, gravel, or mineral wool [1]. 
Hydroponics is an efficient way to grow crops in a soil less 
manner, to increase productivity per area, and to reduce water 
and fertilizer usage. Hydroponics can be used to produce 
various plants/crop in compact spaces such as backyards, 
terrace, or in the office, by using a nutrient-rich water solution 
[2]. In current practice, hydroponic cannot be separated from 
the use of other growing media that is not soil as a support for 
plant growth [3]. The ebb and flow technique is one of the 
most widely used hydroponic techniques. This system works 
which filling the growth media with nutrients and nutrient 
solutions that are not reabsorbed back into the reservoir. 
Generally the setting of ebb and flow duration and subsidence 
of nutrient solution is adjusted by using timer [4]. However, the 
use of this timer has some drawbacks in terms of electricity 
usage and the provision of nutritional solutions that tend to be 
wasteful or inefficient. This is because the water that flowed on 
the plant runs continuously in accordance with the time period 
of the timer. For that we need a more adaptive control system. 
Previous research has been conducted by [4] using a water 
humidity sensor as an input parameter to control the pump 
work. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Reference [5] has proposed a hydroponic nutrition control 
system using fuzzy logic. Another study that designed the 
temperature and humidity control system on greenhouse 
prototype of soybean plant with peltier utilization using fuzzy 
logic method has been done by [6]. Then, in [7] has been 
researching temperature control system, humidity, and water 
level in farming hydroponic pattern. In addition, implementation 
of Fuzzy Logic Controller to Manage Nutrition Ph in 
Hydroponic Nutrient Film Technique (NFT) System has been 
proposed by [8]. In this study the authors want to refine the 
previous studies by applying fuzzy logic to control the 
hydroponic system with two input parameters, i.e. air 
temperature and moisture of planting medium. It is expected 
that this method can manage the pump work efficiently and the 
amount of water or nutrient solution that flows can match the 
needs of the plant. 
 

2 THEORY 
 

2.1 Edd and Flow Hidroponic 
The word ―hydroponics‖ was coined by Dr. W.F. Gericke in 
1936 to describe the cultivation of both edible and ornamental 
plants in a solution of water and dissolved nutrients. The 
simple meaning is derived from the Greek ―hydro,‖ meaning 
water, and ―ponos,‖ meaning labor. In hydroponics method, 
plants are provided with the nutrients required for growth by a 
―nutrient solution,‖ which is simply water that is been enriched 
with dissolved essential element. In hydroponic garden, this 
nutrient solution can be circulated around the roots by either 
the passive force of gravity, or by the active force of an 
electromechanical pump [9]. Hydroponics is often applied to 
overcome the limited agricultural land. Hydroponics system is 
also inseparable from the means that can support the 
optimization in the growth and development of plants. One of 
the most popular hydroponic systems is ebb and flow 
hydroponic. The ebb and flow hydroponics systems are 
included in the hydroponic substrate/ aggregate culture that is 
a system that utilizes the ebb and flow principle in watering 
technique of the solution. It is said to be ups and down 
because the way the system works has two phases, i.e. the 
pairs phase when the plant is flooded by nutrient solution and 
the receding phase is when depreciation of nutrient solution 
[4]. The illustration of this ebb and flow system is as in Figure 
1 below [10]. 
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Figure 1 Ebb and flow hydroponics system 

 
2.2 Arduino UNO 
Arduino UNO is a microcontroller board based on ATmega328. 
The Arduino UNO has 14 digital input and output pins, 6 of 
which can be used as pulse wave modulation (PWM) outputs, 
at pins 11, 10, 9, 6, 5 and 3 with 8 bit resolution. The Arduino 
UNO also has 6 analog input pins (i.e. on A0 to A5 pins with 
10 bit resolution), a 16 MHz crystal oscillator, a USB 
connection, a power jack, an ICSP header, and a reset button. 
The Arduino UNO contains everything needed to support the 
microcontroller, and also easily connect it to a computer with a 
USB cable or supply it with an AC adapter to DC or use the 
battery to start it. The physical form of Arduino Uno is as in 
Figure 2 below.  

 
Figure 2 Arduino UNO [11] 

 
2.3 Temperature Sensor (DHT11) 
The DHT11 sensor [12] comprises a capacitive polymer 
element used to measure temperature and humidity sensors. 
In it there is also a calibration memory used to perform the 
calibration process of sensor measurement results. Data 
measurement resulted from DHT11 is a digital data that is 
accessed in serial. DHT11 is a digital sensor to measure 
temperature and simultaneously humidity which has a 

measuring range of 0 to 50 C and 0 to 100 RH. This sensor 
works with two cables (data and SCK). Data obtained from 
data. If the voltage has dropped then flowed into larger, so it 
will produce Vcc data is getting bigger. The DHT11 sensor 
circuit is shown in Figure 3 below. 

 
Figure 3 DHT11 sensor 

 
2.4 Soil Moisture Sensor (YL-39 and YL-69) 
Soil moisture sensor used in this study is a combination of YL-
39 and YL-69. The YL-36 is a circuit conditioning/comparing 
signal; however YL-69 is a probe [13]. The probe using two 
conductors for both currents will be the input for the 
comparator circuit. If more air on the ground will make the soil 
easier to conduct electricity (smaller value), while dry soil will 
be difficult to conduct electricity. The comparator YL-39 
constructed from IC LM393 as in Figure 4. The input voltage 
(Vin) which is the reference voltage is given through terminal 1 
whereas the out voltage (Vout) which is the sensor output is 
taken through terminal 2. 

 
Figure 4 Soil moisture sensor 

 
Analog-to-Digital-Converter (ADC) on ATmega328 in Arduino 
UNO has 10 bits resolution, which means it has variation of 
value change as much as 210 are 1024 variation from 0 to 
1023. It means with 5V sensor working voltage then every a 
value converted by microcontroller is 0.0048875 Volt/value. So 
to reach the humidity level of 0 to 100% range it is necessary 
equation: 

 
10

1023 ADC
RH


   (1) 

where the ADC is the value and RH (relative humidity) is the 
percentage of the amount of water vapor with unit percent. 

 
2.5 Motor Driver (L298N) 
Basically, rotation of pump motor is controlled by 
microcontroller but current coming out from microcontroller 
very low to run the motor so that required external circuit 
capable for running motor. Therefore, IC L298N is used as a 
driver circuit to run the motor based on commands from the 
microcontroller. 
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Figure 5 L298N Driver [14] 

 
The L298N is a driver for a DC motor including a stepper 
motor with a configuration like Figure 5. One IC L298N can be 
used to control two DC motors. The L298N is capable of 
operating at a voltage of 2.5V to 46V. IC L298N can deliver 
current up to 2 amperes. However, in the use of this IC can be 
used in parallel, so the ability to deliver current to 4 A and have 
protection against excessive temperature. Pin Enable A and B 
to control the road or motor speed, input pins 1 to 4 to control 
the direction of rotation. Enable pins are given Vcc 5V for full 
speed. 

 
2.6 Pulse Width Modulation (PWM) 
Pulse width modulation (PWM) is a way of manipulating signal 
widths expressed by pulses in a period to obtain different 
mean voltages [15]. Duty cycle is the percentage of high logic 
signal period of the signal period. The percentage duty cycle 
will be proportional to the average voltage generated. The 
representation of the high logic conditions in a period of this 
signal is expressed in % with a range of 0% to 100%. For 
example if the signal is in continuous high condition it means 
having a duty cycle of 100%. Figure 6 below is a visualization 
of the PWM cycle. 

 

 
Figure 6 Pulse signal with high 5V and low 0V 

 
Ton is the time at which the output voltage is in the high 
position and Toff is the time at which the output voltage is in the 
low position. While Ttotal is the time of one cycle or addition of 
Ton and Toff, commonly called a period. Thus, Ttotal can be 
expressed as 

offontotal TTT     (2) 

The duty cycle D of a waveform is defined as 

total

on

offon

on

T

T

TT

T
D 


    (3)

 

The output voltage Vout can vary with the change of duty-cycle. 
This can be formulated as follows 

in

total

on
inout V

T

T
VDV 

 
 (4)

 

 

2.7 Fuzzy Logic 
Fuzzy logic is a component of soft computing. The basis of 
fuzzy logic is the fuzzy set theory. The fuzzy set is an object 
class with a membership value set [16]. The set is indicated by 
the membership function assigned to each object with values 
ranging from zero and one. Notations used include inclusion, 
union, intersection, complement, relation, and others various 
properties of notation in the context of fuzzy. In particular, the 
dividing theorem for the fuzzy set is to provide a separator 
without having to completely separate the fuzzy set. The fuzzy 
set theory was first conceived by Lotfi A. Zadeh in 1965 [17]. 
The development of fuzzy logic further raises some reasoning 
methods. Among these are the reasoning of the Takagi-
Sugeno method which is fuzzy reasoning developed by 
Tomohiro Takagi and Michio Sugeno in 1983. Another method 
of logic fuzzy reasoning is the reasoning of the Mamdani 
method, in which the (consequent) output of the system is not 
a fuzzy set, but rather a constant or linear equations [18]. 
Figure 7 is the basic form of a fuzzy logic consisting of main 
components, i.e. fuzzification, rule evaluation, and 
defuzzification [17]. Rule evaluation is the inference process of 
existing fuzzy rules. 
 

FuzzifacationInput

Fuzzy Rules

Inference

Defuzzifacation Output

 
Figure 7 Basic fuzzy logic system 

 
1) Fuzzification 
Fuzzification is process of converting non-fuzzy variables 
(numerical variables) to fuzzy variables (linguistic variables). 
The input values are still in the form of numerical variables that 
have been quantized before being processed by fuzzy logic 
controllers first converted into fuzzy variables [17]. 
Fuzzification involves the following functions: a) measuring the 
value of input variables, b) performing scale mappings that 
map the range of input values into the corresponding universe 
of speech, c) performing a fuzzification function that converts 
input data into appropriate linguistic values which can be 
viewed as label of the fuzzy set [16]. 
 
2) Rule Evaluation 
Rule evaluation is the use of rules to determine what control 
actions to perform in response to inputs. Here is the rule 
format commonly used in fuzzy: If X1 is A1 AND X2 is A2 .... Xn 
is An THEN z = k [17].  
 
3) Defuzzification 
The input for the defuzzification process is a fuzzy set 
obtained from the composition of fuzzy rules, while the 
resulting output is a number in the fuzzy set domain. So if 
given a set fuzzy within a certain range, then it should be 
taken a certain crisp value as output. The method used in 
defuzzification in this study is the weighted average area by 
setting the crisp value by taking the value of the result of the 
value of the degree of membership with the mean value of 
each fuzzy domain [19].  
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3 METHOD 
This research was conducted in three stages, i.e. system 
design, system realization, and system testing. The system 
design consists of three activities, i.e. the design of electronic 
control systems, the design of hydroponic mechanical 
installations, and the software design for fuzzy logic. 
 
3.1 Design of Electronic Control Systems 
The complete block diagram of the control system for ebb and 
flow hydroponics is shown in Figure 8. The hardware used 
includes the YL-69 sensor to measure the humidity value of 
the planting medium, DHT11 sensor to measure temperature, 
LM298N as a DC pump driver, DC pump as a channel 
actuator water to a hydroponic installation, 16x2 liquid crystal 
display (LCD) which functions for monitoring water content, 
space temperature, and speed of the pump, and Arduino UNO 
as a controller. The water pump used is a 6 V dc motor which 
serves to drain nutrient water to the hydroponic installation 
pipeline. As for the motor drive circuit, the LM298N driver is 
used. The use of this driver is intended so that the 
microcontroller does not experience excess current when the 
system is working. The pin configuration used is that pins IN1 
and IN2 are connected to pins 13 and 12, ENB (Enable B) is 
connected to the PWM pin 11 on the Arduino UNO. For OUT1 
and OUT2 pins are connected to a dc motor that is applied as 
a pump. The circuit of the LM298N driver is as shown in Figure 
9. 

 
Figure 8 Block diagram of designed hydroponic system 

 

 
Figure 9 The circuit of the LM298N driver 

 
3.2 Design of Hydroponic Mechanical Installations 
The hydroponic water filling installation is a nutritional water 
pipeline that will drain the nutrient water into every plant 
planted. This hydroponic water filling installation is made using 
PVS pipe with a diameter of ¾ inches, with 4 holes as a place 
for plant pots, 1 hole for overflow channels, and 1 piece of inlet 
water hole with a plastic hose with a diameter of 1 cm. Nutrient 
water from the reservoir will be flowed by a dc water pump 
through this hose to the installation pipe to the planting 
medium, which is as shown in Figure 10. 
 

 
 

Figure 10 Hydroponic water filling pipeline installation 
 
3.3 Software Design for Fuzzy Logic 
Software design here is designing a fuzzy logic inference 
system. The fuzzy inference system in this study uses two 
input variables and one output variable as in Figure 11. The 
initial design of the fuzzy inference system is done using 
Matlab software, which determines the membership functions 
for input variables and output variables, making fuzzy rules 
(rule base), and the defuzzyfication method. The results of this 
fuzzy logic design are then implemented into Arduino UNO 
through a programming language using the Arduino IDE 
software. 

 
(a)  

 
(b)  

 
(c)  

Figure 11 Membership functions for input variables and output 
variable 
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The Temperature input variable contains four membership 
functions, i.e. very cold (VC), cold (C), normal (N), and heat 
(H). The Media Condition input variable also contains four 
membership functions, i.e. dry (D), normal (N), moist (M), and 
wet (W). While the Pump Speed output variable also contains 
four membership functions, i.e. off (O), slow (S), medium (M), 
and fast (F). After determining the input variables (IV) and 
output variables (OV) and their respective membership 
functions, fuzzy rules can be formulated to be used for 
decision making in the fuzzy inference process. The results of 
this decision will be used as an output variable. Therefore this 
designed system has two input variables, each of which has 
four fuzzy sets and one output variable. The fuzzy rules that 
can be built are 16 rules, i.e. as presented in Table 1 below. 

 
TABLE I 

DESIGNED FUZZY RULES 
IV1 

IV2 
VC C N H 

D M M F F 

N S S M M 
M O O O S 
W O O O O 

 
3.3 System Realization 
The design of hydroponic system based on fuzzy logic is then 
realized in physical form, i.e. hydroponic installation as shown 
in Figure 10 and its electronic circuit as shown in Figure 12. 
Included in this realization stage is implementing a fuzzy logic 
inference system into the microcontroller on Arduino UNO. To 
facilitate the design and realization, the inference logic system 
of fuzzy logic is first simulated using Matlab software. After the 
system is fully realized, testing and measurement are carried 
out to evaluate its performance. 
 

 
Figure 12 Realized hydroponic system (electronic circuit 

subsystem) 
 

4 RESULTS AND DISCUSSION 
 
4.1 Testing of Moisture Sensing System 
The moisture sensing subsystem using two different planting 
media samples, i.e. water and soil. Measurements were done 
10 times of each sample, by placing one sensor probe in turn 
using the same sample. The sensor is in default condition or 
does not make any changes and the position of the 
potentiometer on the factory default. 

 
 
 
 

TABLE II 
RESULTS OF TESTING USING SOIL AS PLANTING MEDIA 

Sensor Value 
Vout 
(Volt) 

Moisture  
RH (%) 

Sensor 1 346.80 1.70 66.10 
Sensor 2 340.70 1.65 66.70 
Sensor 3 357.40 1.74 65.06 
Sensor 4 345.50 1.69 66.23 

 
As shown in Table II, the results of moisture sensing tests 
using soil media are as follows. The result of measuring the 
smallest value in sensor 2 gives a sensor output voltage of 
1.65 V which is converted to a humidity level of 66.70% RH. 
The measurement results of the largest value are obtained 
from sensor 3 with a sensor output voltage of 1.74 V and 
moisture is 65.06% RH. 

 
TABLE III 

RESULTS OF TESTING USING WATER AS PLANTING MEDIA 

Sensor Value 
Vout 
(Volt) 

Moisture  
RH (%) 

Sensor 1 183.10 0.89 82.10 
Sensor 2 178.60 0.87 82.54 
Sensor 3 184.40 0.90 81.97 
Sensor 4 184.50 0.90 81.96 

 
While the results of the moisture sensing tests using water 
media are as presented in Table III. The smallest value 
measurement data is on sensor 2 with a sensor output voltage 
of 0.87V and humidity of 82.54% RH. For measurement 
results on other sensors relatively equal to a difference of 
0.1%. Thus, it can be observed that if more water in the soil 
makes it easier to conduct electricity (ie a smaller resistance 
value), while dry soil will be difficult to conduct electricity (ie 
high resistance values). 
 
4.2 Testing of Temperature Sensing System 
Temperature sensing subsystem uses a DHT11 sensor as a 
key component. Testing the temperature sensing system is 
done by exposing the sensor to the actual environmental 
conditions, then the sensor reading results are compared with 
the reading of the temperature value by a thermometer as 
reference. The thermometer used is a mercury thermometer. 
Location of data collection is Mechatronics Laboratory at 
campus of Unimal with air-conditioned room conditions. Test 
results are presented in Table IV. 
 

4.3 Testing of Fuzzy Inference System 
Fuzzy logic inference system testing was done by comparing 
the three results of reasoning, i.e. the output of a fuzzy 
inference system programmed into Arduino UNO (using 
Arduino IDE software), the output of fuzzy inference system 
simulated with Matlab, and the output of fuzzy inference 
system manually calculated by the researcher. Samples for 
testing were taken based on four different pump conditions, 
i.e. stop, slow, medium, and fast. For that reason, the input 
values of the temperature and the moisture of the planting 
medium are determined according to the predictions of the 
possibility that they will occur which result in the value of PWM 
waveform that will control the pump rotation (fast, medium, 
slow, or stop/off). The test results of fuzzy inference systems 
from the three methods are compared in Table V below. 
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TABLE IV 
RESULTS OF TEMPERATURE SENSING SYSTEM  

Sensor DHT11 
(˚C) 

Thermometer 
(˚C) 

Deviation 
(˚C)  

20 22 2 
21 22 1 
22 23 1 
23 22 1 
22 23 1 
21 23 2 
22 24 2 

Mean 1.43 

 
TABLE V 

COMPARISON OF FUZZY TESTING RESULTS 
Output Matlab Arduino Calculation 

Off 0 0 0 
Slow 85 85 85 
Medium 170 170 170 
Fast 250 250 250 

 
4.4 Testing of Motor Drive System 
Testing of motor drive subsystem LM298N was done by 
measuring the output voltage that is at the DC motor terminal. 
Measurements were made using a voltmeter to measure the 
effective voltage and using an oscilloscope to observe the 
PWM waveform. The sample value of the input variables for 
this test was determined based on four pump rotation 
conditions i.e. stop, slow, medium and fast. These are the 
conditions of the output variable on fuzzy inference system 
that has been built. The test results are presented in Table VI 
below. 

TABLE VI 
RESULTS OF MOTOR DRIVE SYSTEM LM298N 

Output PWM 
Duty 
Cycle 

Measurement Calculation 

Off 0 0% 0 V 0 V 
Slow 85 33.3% 1.67 V 1.7 V 
Medium 170 69% 3.52 V 3.25V 
Fast 250 98.8% 4.9 V 4V 

 
4.5 Observation of Plant Growth 
To obtain a description of the real conditions of the application 
of this hydroponic system, observations and measurements of 
plant growth were also carried out. Observations begin when 
the plants are moved from the seeding site to the hydroponic 
installation. Plant samples planted are green beans. 
Observations and measurements are carried out every day by 
observing plant development and measuring plant height and 
number of plant leaves. Measurement results are presented in 
Figure 13. 
 

 
(a) Observation of the number of leaves 

 
(b) Observation of the high of plant 

 
Figure 13 Results of Plant Growth 

 

5 CONCLUSION 

The ebb and flow hydroponic system based on fuzzy logic 
control has been designed and realized so can properly 
operated. Some important testing results are as follows. At a 

temperature of 30 C and the plantation media moisture of 
74% RH, the system produces PWM waves of 0% duty cycle 

so that the pump off. At a temperature of 30 C and the 
planting media moisture of 50% RH, controller results in a 
33.33% duty cycle so that the pump rotates slowly. At a 

temperature of 30 C and planting media humidity of 30% RH 
produces a 69.7% duty cycle so the pump rather quickly. At a 

temperature of 30 C and planting medium humidity of 0.1% 
RH produces a 98% duty cycle so that the pump rotates is 
fast. To complete system performance testing, trials were also 
carried out for water filling green bean plants in the hydroponic 
system. The result was that the system was able to work to 
maintain the level of humidity in the planting medium properly. 
The results of the last measurement of the growth of green 
beans were the high of plant of 22 cm and the number of 
leaves of 14 strands when the plant life of 28 days. 
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