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Abstract. The primary measurements used to calculate the amount of water
required are soil temperature and plant humidity. As a result of this system’s
sophisticated functional equations and non-linear input design, it needs a system
that can decide when to sprinkle water. One of the ideas that can be applied to
produce a judgment that is similar to the ones made by people is fuzzy logic. Used
was a microcontroller-based fuzzy logic control system. The goal of this is to cre-
ate a method for managing the amount of water and fertilizer that plants receive.
Temperature and soil surface moisture measurements are measured by this system
using the DHT11 sensor. Additionally, this system controls with fuzzy logic using
a pH sensor as an input. In addition to real-time information and reports, this sys-
tem may be watched over utilizing a mobile application. The Blynk Node MCU
ESP8266 microcontroller’s built-in Wi-Fi module is a great option. The average
connection speed between the first and second pumps is 1235.90 ms, with a linear
correlation of 0.6754 and a Pearson correlation of 0.7158. During physical activ-
ity, core body temperature rises as relative humidity rises, and falls as humidity
falls.

Keywords: Mobile Application · Temperature · Humidity · Flow Rate · Control
System

1 Introduction

Watering is a repetitive task that is performed frequently, whether at home, in the garden,
along sidewalks, or with cultivated plants. Paying specific employees or workers to water
the plant at specific times is a standard procedure. The water supply problem is the most
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serious issue. How much water should be removed from the plants you intend to water
so that water is not wasted and water is not wasted?

A mediocre control system is insufficient for plant monitoring because it can only
adjust when the water pump is activated without observing and evaluating the condition
of the soil surrounding the plant. Despite the fact that the task at hand may be more
complex. According to research [1], the daily water demand in Temanggung Subdistrict
is 96.21 L per person 79,234 people = 7,623,103.14 L per day. 49.25% of 67 samples
indicate that one person consumes between 83.81 and 107.60 L of water in a single day.
Those exceeding the standard range from 107.67 to 131.40 L per person per day, with
a percentage of 22.39%. With this system, it is hoped that the amount of water used for
watering plantswill be reduced from5.40 to 10.01L per person per day, or approximately
7.22% of the average water consumption in the region. Thus, a special control system
is required. To account for this, a Fuzzy Logic-based method will be utilized, which
has three (three) main parameters: temperature, humidity, and pH [2]. This system is
intended to regulate the amount of water required to water these plants. Due to this,
this study refers to a plant water management system that can be monitored anywhere
and at any time [3], which does not require a great deal of time, so we can still carry
out more important tasks and have a gardening hobby with healthy plant results and no
fertilizer shortage. This system employs amobile phone tomonitor data transmitted over
the Internet; naturally, the mobile phone must have a monitoring application installed.
This specific application is called Blynk. Blynk is a mobile application platform [4],
compatible with IOS andAndroid, that enables Internet-based control of microcontroller
modules and similar devices [5]. This application is a platform for creating drag-and-
drop widget-based user interfaces for projects that users wish to develop. Everything is
simple to configure and can be done in a short amount of time. Blynk is not dependent
on a specific system [6, 7].

This application can control or monitor anything, regardless of location. This system
must be connected to the internet, and it is referred to as the IoT system [8, 9]. The
microcontroller can read the DHT11 sensor and pH sensor [10] to obtain temperature,
humidity, andpH input values.Themicrocontroller uses fuzzy logic to determinewhether
it is necessary to turn on the pump in order to process the data; the output of the processing
is sensor data and pump status, which is then transmitted over the internet to Blynk
Cloud.Earlier research indicated thatmechanical devices that are controlledby electronic
equipment could make watering plants easier. This system is a control device that can
automatically adjust the amount of water given to plants based on soil moisture and air
humidity levels. Arduino Uno is connected to soil moisture and DHT11 [6, 11] as an
adjustment for watering the plants between 10:00 and 14:00WIB. The primary function
of the primary component of this automation tool is to store control circuits. The second
component is a water line equipped with an opening and closing water solenoid valve.

2 Methodology

The method used when conducting this research [12] is the prototyping method. Proto-
typing is a system development and development technique that uses a prototype first to
describe the system to be developed so that researchers have an overview of the system
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to be built and developed.With prototyping techniques, developers canmake a prototype
first before developing the actual system, and the method used to analyze this problem is
the PIECES method [13]. There are 2 (two) types of techniques used in data collection,
namely observation,

then the delimiter becomes the following equation:

w · xi + b ≤ −1 (1)

If the data label is yi = +1, then the delimiter becomes the following equation:

w · xi + b ≥ +1 (2)

The largest margin can be found by maximizing the distance between the boundary
planes of the two classes and their closest point, which is 2

|w| . This is formulated as a
Quadratic Programming (QP) problem, in which the goal is to identify the equation’s
minimum point by taking into account the following equation:
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where ai is the lagrange multiplier which is zero or positive (ai ≥ 0). The optimal value
from the previous e quation can be calculated by minimizing L to w, b and a can be seen
in the following equation:
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2.1 Kernel Trick

SVM can be extended to draw a non-linear decision boundary by transforming the input
from the original space to a high-dimensional space. Since the relationship between the
input space and the transformation space is non-linear, the goal is to obtain a non-linear
decision boundary [13, 14]. To improve the accuracy of the problem, SVM has a kernel
trick that can help solve the problem of changing data into non-linear space. In general,
some of the most commonly used kernel functions in SVM are as follows [13, 14]:

Linear KernelK
(
Xi,Xj

) = X T
i · Xj

Polynomial KernelK(Xi,Xj) = (X i · Xj + 1)h

RBFK(Xi,Xj) = e−||Xi−Xj ||2/2σ 2

Sigmoid(Xi,Xj) = tanh(kXi · Xj − δ)
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2.2 Python Programming Language

A identification or classification systemmust be capable to correctly classify all data sets
in order to operate. However, it is impossible to disputed that a system’s performance,
that performs classification will not always be 100% correct. Therefore, the system per-
formance must be measured. Generally, the way to measure classification performance
is using a confusion matrix [13, 15]. Measurement of the effectiveness of a classification
system is crucial. The system’s performance is described using a performance classifi-
cation system in classifying data. One technique for evaluating a classification method’s
performance is the confusion matrix. The confusion matrix essentially provides data that
contrasts the system’s classification results with those of the classification that should
be [13]. There are 4 (four) terms used to represent the outcomes of the categorization
process when performance is measured using a confusion matrix. True Positive (TP),
True Negative (TN), False Positive (FP), and False Negative are the four terms (FN). The
number of negative data that are accurately recognized is known as the True Negative
(TN) value, while false positives (FP) are instances of negative data that are mistakenly
identified as positive. True Positive (TP), however, refers to positive data that has been
accurately detected. The reverse of true positive, false negative (FN), refers to data that
is positive but is mistakenly identified as negative. Accuracy values can be determined
based on the values of True Negative (TN), False Positive (FP), False Negative (FN), and
True Positive (TP). How accurately the system can correctly classify the data is shown by
the accuracy value. In other words, the accuracy value compares the correctly classified
data to the entire set of data. The precision value can be obtained by the equation below.

Accuracy = TP + TN

TP + TN + FP + FN
(6)

Precision. It gauges true positive predictions. Equation 6 is used to calculate amodel’s
precision:

Precision = TP

TP + FP
(7)

A sensitivitymeasure is this one. It is developed to evaluate howwell amodel predicts
positive labels. It is determined by applying Eq. 7:

Recall = TP

TP + FN
(8)

F-Measure. Recall and precision (Eq. 8) are also considered in this metric. It can be
thought of as a weighted average of recall and precision metrics, with values ranging
from 0 (worst) to 1 (best). Equation 9. is used to calculate the F-measure.

F − Measure = 2 × Precision × Recall

Precision + Recall
(9)
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3 Result and Discussion

3.1 Proposed System Design

Based on the results of the problem analysis described using PIECES analysis [9], the
writer will make a problem-solving solution plan, namely creating a system that can
regulate the amount of water in plants automatically based on temperature and humidity
input. The solution to the problem proposed by the author is to create a Water Amount
Regulating System Based on Temperature and Humidity Based on aMobile Application
[14], which will facilitate the human task of watering plants.

3.2 Proposed System Design

This system uses a mobile phone device that has the Blynk application installed and
connected to the internet to communicate with the microcontroller so that it can be
controlled and monitored remotely. The information obtained by the Blynk application
is in the form of data on temperature values and humidity values obtained from the
DHT 11 sensor and also pH value data from the pH sensor and history of the relay
that is connected to the water pump. This system uses 1 (one) 2 (two) channel relay to
accommodate 2 (two) water pumps because the first water pump is shown for water and
the second is for fertilizer in liquid form. The Data is processed via a microcontroller
connected to the internet.

3.3 Proposed System Design

The way these tools works is started with a microcontroller Node MCU ESP8266 [15,
16], which checks whether it is connected to the internet, after which it will send an
authentication code toBlynkCloud via the internet. If so, the systemwill start reading the
DHT11 sensor and pH sensor. After obtaining the desired data in the formof temperature,
humidity, and pH values, the systemwill process the data and determine with fuzzy logic
whether the water pump and liquid fertilizer need to be turned on or not. Then the system
will record the time (date and time) and the pump status after the Data is processed. After
that, the microcontroller will again check whether it is still connected to the internet or
not; if so, sensor data, pump status, and processing time will be sent to Blynk Cloud via
the internet (Figs. 1 and 2).

3.4 Proposed System Design

The UnifiedModeling Language (UML) is a general-purpose, developmental, modeling
language in the field of software engineering that is intended to provide a standard
way to visualize the design of a system [16–18]. The creation of UML was originally
motivated by the desire to standardize the disparate notational systems and approaches
to software design. It was developed at Rational Software in 1994–1995, with further
development led by them through 1996. In 1997, UML was adopted as a standard by
the Object Management Group (OMG), and has been managed by this organization
ever since. In 2005, UML was also published by the International Organization for
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Fig. 1. System Design Schematic

Fig. 2. Schematic of How the Tool Works

Standardization (ISO) [19] as an approved ISO standard. Since then the standard has
been periodically revised to cover the latest revision of UML In software engineering,
most practitioners do not use UML, but instead produce informal hand drawn diagrams;
these diagrams, however, often include elements from UML direct observation is made
of a plantation area or public facilities where there are many plants, and literature study
[20] where literature studies are carried out to find and get information sources, and to
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Fig. 3. System Design Schematic

Table 1. Define Actor

Number Actor Descriptions

1 User The user acts as a user actor or owner of a mobile phone that uses the
application.

2 System Acting as an actor who processes logic and responds to the system.

get a theoretical basis that supports the data and information obtained as a reference in
planning, conducting experiments, making processes, and compiling research reports

• Use Case Diagram (Fig. 3, Tables 1 and 2)
• Activity Diagram
In this activity, interaction occurs between the user, system, and Cloud Blynk. Starting
with the user who opens the Blynk application contained in the mobile phone, then
the user will turn on the device by entering the 12 V adapter into the electricity source.
Then after the tool turns on, the system will start reading the DHT11 sensor [21] and
pH sensor to get temperature, humidity, and pH values so that the system can process
it using a fuzzy algorithm to determine whether the water pump and liquid fertilizer
pump need to be turned on or not. Then after getting the temperature, humidity, pH,
and status values of the two pumps, the system will send the data to the Cloud via the
internet. After the Data is received by the Blynk Cloud, the data will be sent back to
the user via the internet so that all the data can be displayed in the Blynk application
(Fig. 4).

• Activity Diagram (Fig. 5)
• Component Diagram (Fig. 6)
• Deployment Diagram (Fig. 7).
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Table 2. Define Use Caser

Number’s Use Case Descriptions

1 Open the
Application

Users can open the Blynk application to
monitor tools and view pump usage records.

2 Turn on the Tool Users can turn on the appliance by inserting
the 12 V adapter into a power source.

3 Reads DHT11 Sensor and pH
Sensor

The system will start reading data from the
DHT11 sensor and pH sensor to get
temperature, humidity and pH values.

4 Starting the Pump (If Required) The system will process data based on input
parameters in the previous stage and provide
a decision whether the pump needs to be
started or not.

5 Sending Data to the Cloud The system will send data on temperature,
humidity, pH, pump status, and time when
the data is processed.

sprinkli 
ng

sprinkli
ng

receive data and
display in the 
application

send sensor data and pump 
status

activate the tool

Blynk CloudSystemUser

receive data

Set pompa 1 ON

process data with 
fuzzy algorithms

read sensors

open the 
application

send status data

Set pompa 1 OFF

Fig. 4. Activity Diagram

Implementation is done by connecting all system nodes that have been created and
linked together so that it becomes a complex system. Figure 9 describes all the com-
ponents that are connected. For the first stage, after all components are connected, the
next step is to connect Node MCU to a laptop using a USB cable to upload code to
Node MCU. After that, open the Arduino IDE on the laptop and press the upload button
and wait for the loading to finish. After loading is complete, unplug the USB cable and
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Blynk NodeMCU Sensor Water Pump Cloud

open the 
application connected 

internet 
access

Read sensor

Obtain 
Sensor Value

Display Data

Sending Data

Sending Data

Command Start the Pump

Turn on The 
Pump

Fig. 5. Sequence Diagram

Blynk

Blynk
Cloud

Water Pump 1
(springklers)

Node MCU 
ESP8266

Sensor DHT11

Water Pump 2
(fertilizer)

Relay

Sensor PH

Fig. 6. Components Diagram

Blynk Cloud (Database)

NodeMCU ESP8266

Universal Serial 
Bus (USB)

Device 
PC/

Laptop Coding 
Arduino

Fig. 7. Deploymnet Diagram

connect the 12 V adapter to Node MCU and the power source. After that, the system is
ready to use. This stage is only the first time the system is implemented. In the future,
we only need to connect the 12 V adapter to a power source.



Design Mobile Application Variable Temperature 335

Table 3. Sensor Testing

Numbers Time Temperature Humidity pH

1 06:00 30 65 7

2 08:00 30 68 7

3 10:00 32 77 7

4 12:00 34 83 7

5 14:00 33 81 7

6 16:00 32 77 7

7 18:00 31 79 7

8 20:00 31 80 7

9 22:00 30 78 7

10 00:00 30 76 7

3.5 Testing

Testing of this system is done by turning on several sensors installed on the Node
MCU microcontroller according to the function of the sensor to be tested. Testing on
the DHT11 sensor is a reading test carried out by the DHT11 sensor module, which
is connected to the Node MCU ESP 8266 microcontroller to read the temperature and
humidity values around the plant scope. Testing of all these sensors is not intended to
measure the accuracy of sensor readings because the output on these sensors is calibrated
at the time of purchase (Table 3).

The test results of the two sensors show the results of the DHT11 and pH sensor
readings [22]. The test results on the DHT11 sensor and pH sensor show that the sensor
can read the temperature, humidity, and pH values, which will later be sent to Blynk
Cloud via the internet. Therefore, we will test the connection between the Node MCU
microcontroller and the internet via Wi-Fi.

Seen in Table 4 shows thatNodeMCUESP8266 can be connected toBlynkCloud via
the internet network. After the test, the latency to Blynk Cloud [23] was 1242, indicating
that the reception and sending of data from Node MCU were very slow. This happened
because the internet used was not good. Next is the automatic watering test phase. The
test is carried out for 1 (one) day, from morning to night. The results can be seen in the
following table.

As seen inTable 10,which shows the results of observations of automaticwatering for
1 (one) day, the results were slightly different from what was planned, namely 3 (three)
times a day, and the test results only showed 2 (two) days a day. And for fertilizers, do
not do watering because, during that day, there has been no change in the pH value of
the soil. These data are obtained through the mobile application.
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Table 4. Connection Speed Test

Numbers Time Ping (ms)

1 06:00 1230

2 08:00 1270

3 10:00 1250

4 12:00 1280

5 14:00 1180

6 16:00 1095

7 18:00 1165

8 20:00 1225

9 22:00 1297

10 00:00 1367

Average Ping 1235.90

Fig. 8. Experimental Tool Design and Implementation

3.6 Results of Method Implementation

The logical process for turning on the pump to water plants using a fuzzy algorithm is
influenced by several factors, one of which is the sensor itself, whether the sensor has
been calibrated correctly or not, the sensor is still running well or not, and whether the
sensor is blocked or not. Receiving data inmobile applications is also strongly influenced
by several factors. The main one is the connection between the microcontroller with the
Blynk Cloud and the Blynk Cloud with the mobile application. However, these factors
can be overcome by placing the sensor in the right position and using a good ISP in the
area (Fig. 8).
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Fig. 9. Visualization of Humidity and Temperature Test Results (Pumps 1/2 Operating Simulta-
neously)

Fig. 10. Visualization Level of Humidity and Temperature Conditions (Coludly/Bright)

All the parts that make up the whole can be seen in Fig. 9. Assuming you’ve already
connected everything you need to, the first step is to plug the Node MCU into your
laptop via USB so you can transfer the code to it. Then, once the download is finished,
open the Arduino IDE on the laptop and push the upload button. To utilize the system,
just disconnect the USB cable once loading is complete and plug in the 12 V adapter to
the Node MCU and power supply (Fig. 10).

4 Conclusion

Ten tests conducted between 6:00 a.m. and 12:00 a.m. showed that the first pump only
runs twice during clear air conditions (at 2:00 p.m. and 4:00 p.m.). The second pump
continues to run nonstop all day long (off). Data from Tables 5 and 6 reveal that the
average connection speed between the first and second pumps is 1235.90 ms, with a
linear correlation of 0.6754 and a Pearson correlation of 0.7158, respectively, when
using the correlation approach. If you’re looking to connect your device to the internet
so you can keep tabs on it in real time using the Blynk app, the Node MCU ESP8266
microcontroller’s built-in Wi-Fi module is a great option. During physical activity, core
body temperature rises as relative humidity rises, and falls as humidity falls.



338 N. Anwar et al.

Table 5. Watering Testing Pump 1

Numbers Time Temperatur Humidity pH Weather 1st Pump

1 06:00 30 65 7 Cloudy Off

2 08:00 30 68 7 Cloudy Off

3 10:00 32 77 7 Bright Off

4 12:00 34 83 7 Bright On

5 14:00 33 81 7 Bright On

6 16:00 32 77 7 Bright Off

7 18:00 31 79 7 Cloudy Off

8 20:00 31 80 7 Cloudy Off

9 22:00 30 78 7 Cloudy Off

10 00:00 30 76 7 Cloudy Off

Table 6. Watering Testing Pump 2nd

Numbers Time Temperature Humidity pH Weather 2nd Pump

1 06:00 30 65 7 Cloudy Off

2 08:00 30 68 7 Cloudy Off

3 10:00 32 77 7 Bright Off

4 12:00 34 83 7 Bright Off

5 14:00 33 81 7 Bright Off

6 16:00 32 77 7 Bright Off

7 18:00 31 79 7 Cloudy Off

8 20:00 31 80 7 Cloudy Off

9 22:00 30 78 7 Cloudy Off

10 00:00 30 76 7 Cloudy Off
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