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     Abstract—This paper presents the design and 

implementation of fuzzy logic model for control the 

humidity of Cactus plant which is integrated with an 

automatic drip irrigation system. This proposed system 

not only can control the humidity but also can give an 

information about the humadity of Cactus using the 

Node-RED-based MQTT protocol. This fuzzy modeling 

has two input variables and two output variables. The 

input variable was come from two sensors, namely the 

soil moisture sensor as a sensor for measuring soil 

moisture, and the DHT22 sensor as a measure of air 

temperature in Cactus plants. The output variables are 

the duration time of drip irrigation and duration time of 

lights on. In this research, we use a case study of 28.3oC 

for temperature and 60% for soil moisture as an input. 

The simulation shows that the output of fuzzy model are 

0 seconds for the duration of the watering time and 3 

minutes for the long duration of the lamp on. 

Furthermore, the proposed system shows the same 

output with the simulation. This result indicates that the 

fuzzy model for controlling the humidity of Cactus was 

successfully implemented in our system.  The monitoring 

system in this system also gives a good performance. 

These results concluded that the proposed system 

already running well to control the humidity of Cactus 

plant. 
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I. INTRODUCTION 

The development of thechnology has been rapidly 
increase and does not follow physical boundaries and 
extends its roots in all directions. One of the technology that 
have been trending today is Internet of Things (IoT). IoT is 
a powerfull tools in many aspect of sector since IoT devices 
has made a qualitative leap through sensor networks, 
analyzing data on sensor values which connected through 
automation platform equipment [1]. In agricultural sector, 
IoT plays an important role to help human in order to 
increase the productivity of crop by make an better system 
to control and monitor the condition of plant [2]. 

Since this pandemic condition, many people that should 
stay at home is looking for a new activity which can make 
them feel not bored to stay at home for a long time. One of 
the trending activity is dealing with crop a plant. Cactus is 
one of the plant that become favorite in this pandemic 
condition.  Cactus (Cactaceae) is a horticultural plant in 
America that has 2000 species with different colors and 
shapes [3]⁠. Literally, Cactus plants should live in low soil 
moisture and high temperatures. A good Cactus could be 
influenced by the soil moisture (water intensity). Cactus 
plants can live in highland areas with optimal temperatures 
of 26°C-34°C [4]. In order to produce a beautiful Cactus 
plants, we can developed a system that has scheduled 
watering, so that can reach an optimal level of soil moisture 
and temperature. 

In IoT, The Message Queue Telementry Transport 
(MQTT) protocol is one of the protocols that plays an 
important role in IoT communication. The MQTT protocol 
is lightweight and can be used as the smallest measurement 
and monitoring device. In its implementation, the MQTT 
protocol requires a broker as an intermediary between the 
publisher and the customer [5]. Node-Red as an automation 
model was developed with a sensor data acquisition system 
integrated with Node-Red software as a service. Node-Red 
implements cloud technology for data communication using 
MQTT. 

Research on soil temperature and humidity monitoring 
systems in the agricultural sector has been widely used in 
Indonesia [6]. Fali et al. has researched a temperature and 
humidity monitoring system in a room based on the MQTT 
protocol which can show three conditions of temperature 
and humidity of plants [7]. In addition, there are several 
other studies related to MQTT communication technology 
that has been developed in the same case which is to  
developed monitoring system for plants [8][9][10]. 
Meanwhile, Oktavinus et al. has researched a Cactus plant 
monitoring system developed using Arduino Uno as the 
main controller to detect soil conditions on cactus plants 
which then will be displayed on the application interface 
[11].  

Based on the description above, the study that combined 
a monitoring system with an automatic drip irrigation are 



still rare.  Therefore, in this study we proposed a monitoring 
and control system which also integrated to the automatic 
watering system for Cactus plant. In this system, we used 
NodeMCU Esp8266 as a microcontroller which will be 
connected to the DHT22 temperature sensor and soil 
moisture sensor. NodeMCU will collect data from sensors 
and process the data using fuzzy logic and will publish it to 
the MQTT broker. The fuzzy logic could be use efficiently 
when integrated with MQTT protocol [12].  

Furthermore, fuzzy logic model is one of the methods 
that can be used for control several variable to obtained the 
output that we need.  In the process of utilizing fuzzy logic, 
there are several things that must be considered, one of 
which is how to process input into output through an 
inference system fuzzy. Fuzzy logic can be used to 
determine the length of time or the speed of the motor 
rotates by adjusting the duty cycle for each motor [13][14] 
[15]. So, the fuzzy that implemented in this study is aim to 
have an optimal drip irriation and run it automatically. 

The rest of this paper is organized as follows. The 
explanation about the proposed system design is presented 
in Section II. The implementation and the result of this 
whole system are shown in Section III. Finally, in Section 
IV we conclude this study.  

II. PROPOSED SYSTEM DESIGN 

A. System Model 

The grand design of our proposed system consists of 
three main systems, namely publisher, broker and 
subscriber as shown in Fig. 1.  In this study, NodeMCU 
ESP8266 is used as a microcontroller which integrated with 
fuzzy logic control and then published it using MQTT 
broker to be seen in our monitoring system. The MQTT 
Broker that we used is Eclipse Mosquitto as an open source 
messaging broker. The monitoring system can be seen in the 
dashboard based on Node-RED platform which is easier to 
design and manage a data flow which can be displayed in 
many kind of form, such as gauges, text and graphs.  

 

 

Fig. 1. Control system diagram. 

B. Membership Function 

Fuzzy logic modeling is designed as a high-order system 
with a transfer function in the form of equations. Fuzzy 
logic modeling is done with linguistic terms that represent 
the workings of human operators. Where this control is a set 
of linguistic control rules derived heuristically based on the 
state of the process. In order to have a beautiful Cactus, the 
optimal temperature value is 26ºC−34ºC, and soil moisture 

is 50.00 %−70.00%. So, in this fuzzy model we will control 
the temperature and the humidity of Cactus in a certain 
value. The input of this fuzzy are temperature and humidity. 
Table I shows the linguistic term of input, which are soil 
moisture and temperature.  We defined the soil moisture 
become three levels, namely dry, normal, and wet. 
Meanwhile, temperature also defined in three levels, namely 
cold, normal, and hot.  

TABLE I.  LINGUISTIC TERMS INPUT 

Input 

Description Fuzzy Set Range (oC) 

Soil Moisture Dry [30 40 50 60] 

Normal [50 60 70 80] 

Wet [ 70 80 90 90] 

Temperature Cold [10 10 16 22] 

Normal [16 22 28 34] 

Hot [ 28 34 40 40] 

 
Table II shows the linguistic term of output. The output 

in our system are the duration time of water pump and lights 
on. The level of duration time for water pump and light on 
are define in four levels, which are off, short, moderate, and 
long.  

TABLE II.  LINGUISTIC TERMS OUTPUT 

Output 
 

Description Fuzzy Set Range 
(second) 

 
 

Pump 

Off [ 0 0 0 0 ] 

Short [ 0 0 5 10 ] 

Moderate [ 5 10 15 20] 

Long [15 20 25 25] 

Description Fuzzy Set Range 
(minute) 

 
 

Light 

Off [ 0 0 0 0 ] 

Short [ 0 0 5 10 ] 

Moderate [ 5 10 15 20] 

Long [15 20 25 25] 

 

  After we define the lingustic terms of input and output, 

next step we figure out the membership function using 

trapezoidal curve. Figure 2 shows the membership function 

of temperature. The membership function equation for 

Figure 2 is expressed by Equation (1), (2),  and (3).  

 
Fig. 2. Membership function of temperature. 



 

 

 

Fig. 3. shows the membership function of humidity 
which each level can be expressed in Equation (4), (5), and 
(6).  

 

Fig. 3. Membership function of humidity. 
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Fig. 4 and 5 are shows the membership function of water 

pump and light on duration. Fig. 4 and 5 has the same 
linguistic term with the same value also. The mathematical 
expression for these two membership function are expressed 
in Equation (7), (8), (9), (10). 

 

 
Fig. 4. Membership function of water pump duration 

 

Fig. 5. Membership function of lamps on duration. 
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C. Fuzzy Rules 

After fuzzification process, then the next step is to make 
a fuzzy rule (rule base). This rules consists of a set of rules 
based on fuzzy logic to state a condition. The preparation of 
the base rule is very influential on the precision of the 
model, at the decision-making stage determined based on 
the design of the base rule. Table III shows the rules that 
represented if-then condition. 

TABLE III.  FUZZY RULES  

Rules 
Input Output 

Tempera-

ture 

Humidity Water 

Pump 

Lamp 

R1 Cold Dry Moderate Long 

R2 Cold Normal Short Long 

R3 Cold Wet Off Long 

R4 Normal Dry Moderate Short 

R5 Normal Normal Short Short 

R6 Normal Wet Off Moderate 

R7 Hot Dry Long Off 

R8 Hot Normal Short Off 

R9 Hot Wet Off Off 

 

D. Hardware Design 

Monitoring system requires hardware which functions to 
carry out instructions from the software. In general, this 
system is designed for monitoring and controlling the 
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humadity and temperature on cactus plants. In this system, 
there are several interconnected components. The schematic 
hardware design can be seen in Fig. 6. In Fig. 6, there are 
several components that interconected, namely NodeMCU, 
DHT22 sensor, soil moisture sensor, relay, air supply, 
pump, and lamp. 

 

Fig. 6. Hardware schematic design. 

 

Fig. 7. Hardware implementation design. 

Fig. 7. shows the illustration design of the whole integrated 
system that will be developed for monitoring and controlling 
the Cactus plant. 

III. RESULT AND ANALYSIS 

This experiments was carried out in bandung at 8:00 
a.m, because at night the stomata condition on cactus plants 
is open and will be covered during the day. Fig. 8. shows the 
process of monitoring and controlling which the humidity 
and temperature are can be seen in screen monitor.  

 

 
Fig. 8. The whole system. 

We did the experiments to know the performance of our 
proposed system 15 times, as seen in Table IV. In Table IV, 

we can see how the system respons to different temperature 
and humidity. 

TABLE IV.  EXPERIMENT’S RESULT  

 
In order to know how well the fuzzy that have been 
implemented in our system, we compare the result from 
simulation and experiment. We used a case of temperature 
28oC and humidity 69%. Based on simulation, the result 
from simulation show that the pump is off and the duration 
of light on is 3.82 minutes as shown in Fig. 9.  Meanwhile, 
based on experiment, the result shows that the pump is off 
and the duration the light’s on is 3 minute, as seen in Fig. 
10. 
 

 
Fig. 9. Fuzzy result in simulation. 

 
Fig. 10. Fuzzy result in our proposed system. 

Time Tempera- 

ture (C) 

Lamp 

(minute) 

humidity 

(%) 

Water 

pump 

(second) 

0 22.6 4.8 31% 4.8 

4.8 24.9 4.1 57% 3.7 

8.9 27.1 3.9 62% 0 

12.8 29.2 3.9 64% 0 

16.7 31.7 3.8 65% 0 

20.5 32.6 3.4 63% 0 

23.9 33.4 2.5 61% 0 

26.4 34.1 2.5 62% 2.5 

28.9 33.8 1.0 67% 0 

29.9 34.3 0 67% 0 

29.9 34.3 0 67% 0 

29.9 34.2 0 67% 0 

29.9 34.1 0 67% 0 

29.9 34 0 67% 0 

29.9 34 0 67% 0 



Based on the data obtained, it can be concluded that 
fuzzy logic has been well implemented in cactus plant, with 
that error values can be calculated by Equation 11. 

01121 � 3&%4̄4̄ 3 
 100%  
Where 
 is result from experiment, while 
̅ is the result 
from      simulation. 

Error value duration pumps on as follows. 

01121 � 80.00 � 0.000.00 8 
 100% � 0.0% 

Error value duration lamps on as follows. 

01121 � 83,00 � 3,823,86 8 
 100% � 0.2% 

 

Then the data is sent using MQTT protocols to Node-RED 
platform, as indicated in Fig. 11. After the data sent in the 
form of flow on the Node-RED platform, the data result will 
be shown on the Node-RED dashboard as shown in Fig. 12. 

Fig. 11. Node-RED platform. 

 

 
Fig. 12. Node-RED dashboard. 

A. Respone System 

A system response or system response is a change in output 
behavior to a change in input signal. The response of the 
system in the form of this curve will be the basis for 
analyzing the characteristics of the system in addition to 
using mathematical quations/models. The shape of system 
response curve can be seen aftre obtaining the input signal. 
System response graph can be seen in Fig. 13 and 14. 
 

 
Fig. 13. Respon time of temperature. 

 
Fig. 14. Respon time of humidity. 

IV. CONCLUSION 

The monitoring system using fuzzy logic carried out by 
comparing the results of the test data using a case study of 
28oC for temperature and 69% for soil moisture. The 
simulation shows that the output of fuzzy model are 0 
seconds for the duration of the watering time and 3 minutes 
for the long duration of the lamp on. Furthermore, the 
proposed system shows the same output with the simulation. 
This result indicates that the fuzzy model for controlling the 
humidity of Cactus was successfully implemented in our 
system.  The monitoring system in this system also gives a 
good performance. These results concluded that the 
proposed system already running well to control the 
humidity of Cactus plant. 
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