
 

 

 

 

 

1 

 

Abstract- The traditional manual 

method of watering plants in Urban 

Farming is being replaced with Drip 

Irrigation systems, which use low 

water intensity. However, these 

systems are not always easy to 

control. To address this issue, an 

Internet of Things (IoT)-based drip 

irrigation control system was 

designed, which uses the Firebase 

RTDB as the application development 

database and the Arduino Mega 2560 

as the microcontroller. The system 

monitors plant conditions and 

controls water distribution via the 

internet with smartphones as 

controllers. The Arduino Mega 2560 

receives data from soil humidity, pH 

and temperature sensors and sends it 

to the smartphone via the Wi-Fi 

module ESP8266. The smartphone 

can then control the opening or 

closing of the drip irrigation based on 

the data received. The system was 

tested and performed well, with 

automatic watering according to time 

and successful reading and sending of 

pH and humidity values. The error 

rate value between the temperature 

sensor and room temperature was 

2.22%, and the Quality of Service 

(QoS) delay and throughput values 

were also good. Overall, the system 

provides a reliable and efficient way 

to control drip irrigation in urban 

farming. 
Keywords: Drip Irrigation, Internet of 

Things (IoT), Urban Farming, RTDB 

Firebase, Arduino Mega 2560. 

 

I INTRODUCTION 

 Drip irrigation is an efficient 

method for providing water to plants, 

particularly in areas with low rainfall or 

when regular humidity is required. However, 

traditional irrigation methods are often 

ineffective and wasteful. To address this, an 

Internet of Things (IoT) based drip irrigation 

control system has been developed, which 

can be controlled through a smartphone and 

is suitable for use in urban farming. The 

system allows for precise control of water 

distribution and can also mechanically treat 

plants with organic fertilizer. This 

innovative system offers advantages over 

traditional methods, particularly in terms of 

water conservation and ease of use. 

 Conventional irrigation has 

problems such as excessive water use and 

inability to control remotely. To address 

this, an IoT-based drip irrigation system was 

designed to monitor and control 

temperature, humidity, and pH remotely. 

The system's accuracy and measuring 

instrument quality were also evaluated. With 

the implementation of this research, the aim 

is to obtain and prototype an IoT-based drip 

irrigation control and monitoring system 

using RTDB Firebase as a database that is 

accessed using a Smartphone. 

Based on the description of the problem 

formulation, there are several limitations of 

the problem that focus on several things in 

this final project. 

a. The system built only focuses on 

building an IoT system and connecting it 

to mechanical/hardware devices. 

b. The Smartphone application used is 

limited only to Android users. 

c. In temperature data collection there is no 

logger data, data collection is discrete 

and only approaches. 

The QoS value on the network is observed 

only on Throughput and Delay. 

Research Method 

To get a good tool in terms of quality by 

considering the QoS value and Error Value, 

the design steps are described in Figure 1.1 

and the explanation is as follows below. 
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Figure 1.1. Schematic of Research 

Method 

a. To Determine, The design includes 

system software, smartphone 

applications and hardware in the form of 

drip irrigation mechanics and the 

controller. 

b. Data Collection, At this stage, the 

process of collecting information data in 

the form of performance, throughput and 

delay is carried out and will be analyzed 

later. 

c. Performance and QoS Analysis, At this 

stage analysis and comparison are 

carried out based on the parameters of 

QoS Throughput, Delay and 

Performance control/monitoring from the 

results of data collection. 

 

II BASIC THEORY 
2.1. Drip Irrigation 

Plants have different water requirements 

according to environmental conditions and 

the time of their growth. Therefore, 

precision irrigation is needed that can drain 

water according to environmental conditions 

and plant needs[2]. Drip irrigation is an 

example of precision irrigation in urban 

farming, which is a water irrigation 

application system by flowing water to an 

emitter drip point that is located above or 

below the ground surface with a small 

operating pressure and low discharge so that 

water only wets part of the soil surface[1].  

2.4. RTDB Firebase 

Google Firebase is a real time database 

service provider currently owned by Google. 

Firebase is a solution offered by Google to 

simplify the work of Mobile Apps 

Developers. With Firebase, application 

developers can focus on developing 

applications without having to put a lot of 

effort into backend matters. One of the 

features owned by Google Firebase is the 

Firebase Real Time Database which uses the 

Java Script Object Notation or JSON format 

which is the format used to store and 

transfer data on the Firebase RTDB [7]. 

2.5. NodeMCU ESP8266 

NodeMCU is a kit that functions to assist 

in designing tools based on the Internet of 

Things (IoT). NodeMCU was developed to 

make it easier to operate API (Application 

Programming Interface) for IO hardware. 

NodeMCU is designed like an Arduino 

Microcontroller which has other hardware 

Input Outputs. NodeMCU has also been 

embedded with an ESP8266 WIFI Module. 

2.6. Arduino Mega2560 

Arduino Mega 2560 microcontroller is a 

microcontroller on ATMEGA 2560 which 

has 54 digital input/output pins of which 16 

pins are used as PWM outputs, 16 analog 

inputs, and inside there are 16 MHZ crystal 

oscillators, USB connections, power, ICSP, 

and reset buttons. [6]. This arduino 

performance can be programmed with 

Arduino IDE software or Visual Studio 

Code which has an IO IDE Platform by 

connecting it to a computer with a USB 

cable. To turn it on using AC or DC current 

and can also use a battery. 

2.7. DHT22 Sensor 

DHT22 is a complex temperature and 

humidity sensor with digital signal output 

calibration with a temperature measuring 

range of 0-50ºC and a relative humidity 

measuring range of 20%-90%, its small size 

so it only requires 5v of power. DHT22 is 

claimed to have good reading quality, 

judging by the fast response of the data 

acquisition process and its minimalist size, 

as well as the relatively low price of the 

thermohygrometer[17]. 

In the DHT22 Implementation, the room 

temperature read is not the same as the 

temperature read by the room temperature 

meter. The occurrence of this difference can 

be influenced by the Sensing Element factor 

that is not good or of a different type. For 

DHT22 use Polymer Capacitor as Sensing 

Element [17]. To calculate the accuracy can 

be used the formula: 

 

𝑒𝐻 =
|𝐻𝑆−𝐻𝐻|

𝐻𝐻
𝑥100%  (2.1) 

 

𝜒𝑒𝐻
=

∑𝑒ℎ

𝑛
  (2.2) 

 

Description : 

eH  = Measurement Error 

value of room temperature. 
HS  = Measurement of Room 



 

 

 

 

temperature using a DHT22 sensor. 

HH  = Measurement of 

Temperature using Room Temperature 

Meter. 

𝜒𝑒𝐻   = Average value error of 

measurement room temperature. 

n  = Number of Trials. 

2.8. Quality of Service (QoS) 

2.8.1. Delay 

Delay is the time it takes for data to start 

when it is sent until the data reaches its 

destination. In this research, the delay is 

calculated from 2 observations, namely 

when the system is controlling from 

Smartphone to Hardware and monitoring 

sensor data until when the data is displayed 

on the Smartphone [15]. 

 

𝐷 =
∑𝛥𝑡

∑𝑃
   (2.3) 

Description : 

D = Delay value. 

∑𝛥𝑡
 = The amount of difference in the 

delivery time of each package. 

∑𝑃 = The number of all successfully 

received packetss. 

 

Tabel 2.1. Delay Category based on iTU-T 

Category Delay Delay Quantity (ms) 

Good <150 ms 

Enough 150 ms s/d 400 ms 

Bad > 400 ms 

 

2.8.2. Throughput 

Throughput is the amount of data that 

can be sent over a communication network. 

Throughput can also be interpreted as the 

total number of observed packet arrivals 

[14]. 

𝑇 = (

∑𝑏
𝑡𝑆

 

1000
) × 8  (2.4) 

Description : 

T  = Throughput value in bps 

unit. 

∑𝑏   = Total Number of Bytes 

successfully received. 

𝑡𝑆          = Time interval for 

observing packet delivery. 

By using Wireshark Software to observe 

QoS on the network, the results of the 

Throughput value will be directly displayed 

in either bytes/s or bits/s. 

2.9. Performance Parameter 

Performance is the ability of the system to 

be able to fulfill a given function with the 

aim of knowing how capable the system can 

be relied on in carrying out its functions. In 

this research, the performance that will be 

tested is in the form of the system's ability to 

read sensor values and display them on 

Smartphone monitoring, system 

performance when the user gives orders to 

control the watering point and the 

performance of reading room temperature 

values which will be compared with the 

original temperature [16]. 
III EXPERIMENT DESIGN 

3.1. General Description of the System 

IoT-based drip irrigation works similarly 

to other IoT plant irrigation, but with less 

water usage and data sourced from soil pH 

and humidity sensors. The data is sent to the 

Cloud for processing and to schedule 

watering times for dry soil at 08.00 and 

16.00. The Cloud data is displayed on a 

mobile app for monitoring and manual 

watering is also possible through the app. 

 
Figure 3.1. Drip Irrigation model 

realization 

3.2. Working Principle 

The Arduino Mega2560 microcontroller 

regulates values from 20 Humidity sensors 

and 12 pH sensors, which requires additional 

pins using the ADC ADS1115 device. The 

sensor values are used to control the Pump 

and Solenoid via Relays. The values are also 

displayed wirelessly on a Smartphone app. 

 



 

 

 

 

Figure 3.2. Block Diagram of IoT based 

Drip Irrigation 

NodeMCU is a microcontroller that utilizes 

the ESP8266 chipset with built-in Wi-Fi 

capabilities, allowing easy connection to a 

Wi-Fi network and TCP/IP connections 

through simple commands.

 
Figure 3.3. Firebase and NodeMCU 

Connection Flowchart 

NodeMCU adds a Room Temperature 

Sensor input to the system, which is sent to 

the Firebase RTDB Cloud along with 

Humidity and pH sensor values. NodeMCU 

is also connected to a Smartphone app which 

sends commands to the Tool via the Cloud 

and the Arduino Mega2560 activates Relays 

accordingly. The Firebase RTDB Cloud is 

used to schedule watering and treatment and 

serves as an important database between 

Smartphones and Tools. 

 
Figure 3.4. Firebase and Application 

Connection Flowchart 

Smartphones, especially in this study 

using the Android type, can carry out several 

orders, such as watering or treatment at 

certain drip irrigation points. In addition, the 

Smartphone will display the data sensor that 

have been sent by ESP8266 and received on 

Firebase which are then processed so that 

they can be displayed in detail on the 

Smartphone. 

3.3. NodeMCU Esp8266 Configuration 

NodeMCU Esp8266 on this tool 

has a function as a sender and receiver of 

data with firebase, besides that NodeMCU 

will be connected to Arduino as the main 

microcontroller. Therefore, it is necessary to 

configure the system so that it can run. 

3.3.1. EPS8266 NodeMCU Configuration 

Displays DHT22 Sensor Value 

3.3.2. Configure NodeMCU connection 

with Arduino 

3.3.3. Configure NodeMCU connection 

with Firebase 

3.4. Firebase and Android Apps 

Configuration 

Here are the steps in creating Google 

Firebase as a database or cloud and 

connecting it to Android Application and 

Tools: 

a. Real Time Database Creation on 

Firebase Cloud 

b. Development of a Drip Irrigation 

Mobile Application 

 

 



 

 

 

 

IV RESULTS AND ANALYSIS 

 

 
Figure 4.1. Application of Drip Irrigation on 

Plants 

 
Figure 4.2. Primary Selenoid in each Gutter 

 

 
Figure 4.3. Pump and Water Tank 

Implementation 

 
Figure 4.4. Housing 

 

4.1. Implementation of IoT-based drip 

Irrigation System 

In this test, the observed output is the 

success of the tool in carrying out each task 

or its implementation. The Table 4.1 below 

shows the test results for each. From the 

results of the IoT-based Drip Irrigation 

implementation in the table above, the 

system can work according to its function 

and be integrated with each other starting 

from the Application, RTDB Firebase as 

Cloud and Hardware. 

 

Table 4.1. List of System Implementation 

Test Results 
No. Implementation Results Information 

1. 

The Analog Humidity Sensor 

value is read and classified into 

Low, High and Normal on the 
NodeMCU Esp8266 

Succeed 

2. 
Analog values for pH and 

temperature sensors are read on 

the NodeMCU Esp8266 

Succeed 

3. 

The data on the NodeMCU 

Esp8266 is sent to the Database 
and reads with the same value. 

Succeed 

4. 

The data on the Firebase RTDB 

is read by the Android 
Application and displayed on 

the monitoring layout. 

Succeed 

5. 

The Watering Control of the 

app activates the relay that sets 
the watering point 

Succeed 

6. 

Control Treatment from the 

application activates the relay 

that sets the treatment point 

Succeed 

7. 
Automatic Watering at 08.00 

and 16.00 
Succeed 

4.2.   Performance Testing 

4.2.1. Control Watering From 

Smartphone 

This test is carried out to see the 

performance of the Application and 

Hardware whether the Watering Switch 

Control on the Application has triggered the 

relay on the Tool which regulates each 

watering point along with the pump and 

ensures that the commands in the database 

are appropriate. Based on the results of the 

Watering Control observations in Table 4.2 

below it can be concluded that the watering 

control of each Planting Medium on the 

application has been connected according to 

what is triggered on the hardware and 

application. Hardware in doing its job 

requires delay in processing the given 

command. When executing a watering 

command, the system will activate the 

pump, solenoid water and activated primary 

solenoid. 

Table 4.2. Watering Accuracy Test Results 
Watering Switch 

ON 
Firebase 
Comand 

Relay Primer, Relay 
Water and Pump 

Delay 

Solenoid Primer 1 “ON,Water,1” Active 2 

Solenoid Primer 2 “ON,Water,2” Active 2 

Solenoid Primer 3 “ON,Water,3” Active 3 

Solenoid Primer 4 “ON,Water,4” Active 2 

Solenoid Primer 5 “ON,Water,5” Active 4 

Solenoid Primer 6 “ON,Water,6” Active 3 

Solenoid Primer 7 “ON,Water,7” Active 3 

Solenoid Primer 8 “ON,Water,8” Active 3 

Solenoid Primer 9 “ON,Water,9” Active 4 

Solenoid Primer 10 “ON,Water,10” Active 5 

Solenoid Primer 11 “ON,Water,11” Active 3 

Solenoid Primer 12 “ON,Water,12” Active 2 

Solenoid Primer 13 “ON,Water,13” Active 2 

Solenoid Primer 14 “ON,Water,14” Active 2 

Solenoid Primer 15 “ON,Water,15” Active 5 

Solenoid Primer 16 “ON,Water,16” Active 6 

Solenoid Primer 17 “ON,Water,17” Active 2 

Solenoid Primer 18 “ON,Water,18” Active 3 

Solenoid Primer 19 “ON,Water,19” Active 3 

Solenoid Primer 20 “ON,Water,20” Active 4 

4.2.2. Control Treatment From 

Smartphone 



 

 

 

 

This test measures the delay performance 

of the Application and Hardware in 

triggering the relay for treatment control. 

The delay is manually measured using a 

timer from the command given via 

Smartphone until the relay gives an active 

notification. 

Table 4.3. Treatmenting Accuracy Test 

Results 
Treatment Switch 

ON 

Firebase 

Comand 

Relay Primer, Relay 

Water and Pump 
Delay 

Solenoid Primer 1 “ON,Treat,1” Active 2  

Solenoid Primer 2 “ON,Treat,2” Active 3 

Solenoid Primer 3 “ON,Treat,3” Active 5 

Solenoid Primer 4 “ON,Treat,4” Active 3 

Solenoid Primer 5 “ON,Treat,5” Active 4 

Solenoid Primer 6 “ON,Treat,6” Active 2 

Solenoid Primer 7 “ON,Treat,7” Active 2 

Solenoid Primer 8 “ON,Treat,8” Active 2 

Solenoid Primer 9 “ON,Treat,9” Active 2 

Solenoid Primer 10 “ON,Treat,10” Active 3 

Solenoid Primer 11 “ON,Treat,11” Active 4 

Solenoid Primer 12 “ON,Treat,12” Active 2 

Solenoid Primer 13 “ON,Treat,13” Active 7 

Solenoid Primer 14 “ON,Treat,14” Active 3 

Solenoid Primer 15 “ON,Treat,15” Active 4 

Solenoid Primer 16 “ON,Treat,16” Active 3 

Solenoid Primer 17 “ON,Treat,17” Active 2 

Solenoid Primer 18 “ON,Treat,18” Active 2 

Solenoid Primer 19 “ON,Treat,19” Active 4 

Solenoid Primer 20 “ON,Treat,20” Active 3 

Based on the results of the Treatment 

Control observations in Table 4.3 it can be 

concluded that the treatment control of each 

Planting Medium on the application has 

been connected according to what is 

triggered on the hardware and application. 

Hardware in doing its job requires delay in 

processing the given command. When 

executing a Treatment Command, the 

system activate the pump, treatment 

solenoid and activated primary solenoid. 

 
Figure 4.6. Example of watering control test 

results. 

4.2.3. Automated Watering Test 

The Automatic Watering test results 

showed that the system activated and read 

the TA relay alternately from 1 to 20, based 

on humidity sensor values declared "High" 

on Firebase which activated the Pump, 

Relay Water, and Relay Primer for 30 

seconds at 08.00 am and 04.00 pm. 

Humidity sensor values declared "Low" and 

"Normal" were not activated and the system 

proceeded to the next TA. 

 

Table 4.4. Automatic Watering 

TA/Relay 

Primer 

Sensor Firebase Data 

and Automatic 

Watering at 08.00 Duration 

Sensor Firebase Data 

and Automatic 

Watering at 16.00 Duration 

Sensor 

Value 

Relay 

Primer 

Sensor 

Value 

Relay 

Primer 

1 Low Deactive - High Active 30 s 

2 High Active 30 s High Active 30 s 

3 Low Deactive - Normal Deactive - 

4 High Active 30 s Low Deactive - 

5 Normal Deactive - High Active 30 s 

6 High Active 30 s Low Deactive - 

7 High Active 30 s High Active 30 s 

8 Low Deactive - Low Deactive - 

9 Low Deactive - Low Deactive - 

10 Low Deactive - Low Deactive - 

11 Low Deactive - Low Deactive - 

12 Low Deactive - Low Deactive - 

13 Low Deactive - Low Deactive - 

14 Low Deactive - Low Deactive - 

15 Low Deactive - Low Deactive - 

16 Low Deactive - Low Deactive - 

17 Low Deactive - Low Deactive - 

18 Low Deactive - Low Deactive - 

19 Low Deactive - Low Deactive - 

20 Low Deactive - Low Deactive - 

4.2.4. Testing the reading of Humidity 

value  

This test is carried out by testing the 

performance of the Humidity Sensor 

installed at each point of the watering 

Planting Medium. The humidity sensor 

analog value (0-32767) for ADS1115 and 

(0-1024) for Arduino analog that is read 

converted into percent and then classified 

into 3 levels. Sensor values (0-30%) are 

classified as “Low”, (31-46%) are classified 

as “Normal”, (47-100%) are classified as 

“High”. Classification of humidity sensor 

values is done to simplify the process of 

sending data and Automatic Watering. 

 

 



 

 

 

 

Tabel 4.5. Test results of Soil Moisture 

Value Reading 
Plantin

g 

Mediu
m 

Soil Moisture Test Results 1 Soil Moisture Test Results 2 Soil Moisture Test Results 3 

Arduino 

Nod

eMC

U 

App 

Results 
Arduino 

Nod

eMC

U 

App 

Results 
Arduino 

Nod

eMC

U 

App 

Results 

1 17952 H High 19136 H High 21752 H High 

2 8592 L Low 14480 N Normal 17387 H High 

3 8608 L Low 12416 N Normal 16395 H High 

4 15248 N Normal 16480 H High 18540 H High 

5 9344 L Low 10160 N Normal 13502 N Normal 

6 12688 N Normal 16144 H High 17932 H High 

7 11024 N Normal 14400 N Normal 16375 H High 

8 18096 H High 20480 H High 22487 H High 

9 14256 N Normal 17408 H High 20113 H High 

10 21664 H High 23040 H High 25098 H High 

11 11584 N Normal 13712 N Normal 16749 H High 

12 8224 L Low 9216 L Low 13754 N Normal 

13 11488 N Normal 13248 N Normal 14966 N Normal 

14 8816 L Low 9824 L Low 11369 N Normal 

15 2976 L Low 3616 L Low 6790 L Low 

16 9840 L Low 11248 N Normal 15780 N High 

17 20643 H High 22487 H High 26297 H High 

18 16543 H High 18540 H High 23094 H High 

19 18243 H High 20136 H High 24758 H High 

20 21597 H High 24017 H High 25938 H High 

From the results of reading the soil 

humidity value in the table, it can be seen 

that the classification of the configured 

values has been successful and the sending 

of soil humidity data on the tool has been 

successfully read in the application. Where 

the classification of sensor reading values 

for ADC1115 is 0-10156 (0-30%) reads 

"Low", 10158-15072 (31-46%) reads 

"Normal" and 15073-32767 (47-100%) 

reads "High". And for Analog Arduino, 0-

316 (0-30%) reads "Low", 317-470 (31-

46%) reads "Normal" and 471-1024 (47-

100%) reads "High". 

4.2.5. Testing the reading of pH value 

This test is carried out by testing the 

performance of the pH sensor which is 

installed only at several points of the 

Planting Medium. Unlike the 

implementation of the Soil Moisture sensor, 

the analog value that is read and will be 

transferred to the NodeMCU is not classified 

because each pH analog value has its own 

influence for the user in determining 

treatment. 

Tabel 4.6. Test results for reading pH 1. 
Results of 

reading data 

on Planting 

Medium 

pH Sensor in Planting Medium 

1 2 3 4 5 6 7 8 9 10 11 12 

Arduino 6 6 6 6 6 7 N/A N/A N/A N/A N/A N/A 

NodeMCU 6 6 6 6 6 7 N/A N/A N/A N/A N/A N/A 

Application 6 6 6 6 6 7 N/A N/A N/A N/A N/A N/A 

Tabel 4.7. Test results for reading pH 2. 
Results of 

reading data 

on Planting 

Medium 

pH Sensor in Planting Medium 

1 2 3 4 5 6 7 8 9 10 11 12 

Arduino 6 6 7 6 6 7 N/A N/A N/A N/A N/A N/A 

NodeMCU 6 6 7 6 6 7 N/A N/A N/A N/A N/A N/A 

Application 6 6 7 6 6 7 N/A N/A N/A N/A N/A N/A 

Tabel 4.8. Test results for reading pH 3. 
Results of 

reading data 

on Planting 

Medium 

pH Sensor in Planting Medium 

1 2 3 4 5 6 7 8 9 10 11 12 

Arduino 6 6 7 6 6 7 N/A N/A N/A N/A N/A N/A 

NodeMCU 6 6 7 6 6 7 N/A N/A N/A N/A N/A N/A 

Application 6 6 7 6 6 7 N/A N/A N/A N/A N/A N/A 

In this 3 time test the results of sending 

pH data from Arduino to the application are 

the same. From the reading value of the pH 

sensor, valid results were obtained on plant 

media 1-6 because the tool (pH sensor) was 

installed and calibrated correctly and for 

planting media 7-12 the results are not 

available because the sensor is not installed. 

The test point is the success of sending pH 

data from Arduino to the application. 

4.2.6. Accuracy of reading the DHT22 

Temperature Sensor value 

For reading the room temperature sensor 

value in the application, a comparison will 

be made between the DHT22 Sensor 

Reading with the original room temperature 

according to the Analog Temperature 

sensor. This test was conducted to see the 

performance of the DHT22 Sensor. 

 
Figure 4.7. Temperature Value comparison 

chart 

The DHT22 temperature sensor was 

tested for accuracy and compared to an 

analog room temperature meter. The results 

showed a good accuracy of 2%-5% error 

value, according to the DHT22 datasheet in 

Appendix A.4. The difference in accuracy 

can be influenced by the sensing element 

factor, such as a different type or not being 

good, where DHT22 uses a polymer 

capacitor as the sensing element. 

Tabel 4.9. DHT22 and room temperature 

comparison and error value results. 

No. 
Measurement 

Time 
𝐻𝑆 𝐻𝐻 

𝐻𝑆

− 𝐻𝐻 

𝑒𝐻 

(%) 

1. 13.30 33,6 °C 32,5 °C 1,1 °C 3,38 

2. 14.00 28,8 °C 28,3 °C 0,5 °C 1,77 

3. 14.30 25,4 °C 24,7 °C 0,7 °C 2,83 

4. 15.00 25,0 °C 24,8 °C 0,2 °C 0,81 

5. 15.30 26,4 °C 25,7 °C 0,7 °C 2,72 

6. 16.00 22,3 °C 21,9 °C 0,4 °C 1,83 

 𝜒𝑒𝐻
 2,22 

 

From the data in the Table 4.9, it can be 

seen that the reading of the DHT22 

temperature value is higher than the original 

room temperature. Based on the results of 

calculating the average error value from 
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testing the temperature readings between the 

DHT22 sensor and the standard room 

temperature meter, the average error value is 

2.22%. Based on the data sheet in appendix 

A.4. This result shows good accuracy 

because it is in the range of the average error 

value of 2% -5%. 

4.3. Quality of Service 

Wireshark is used to test the quality of 

service (QoS) for IoT-based drip irrigation 

by analyzing delay and throughput 

parameters. Testing is done by changing the 

distance between the device and the access 

point for 4 sessions at 0, 5, 10, and 15 

meters with an internet connection. 

4.3.1. Delay 

In this test, it will be tested how long the 

delay occurs during data communication 

between Hardware and Applications. In this 

test, it will be tested how long the delay in 

sending data from the hardware to the 

application or control data from the 

application to the Esp8266 will be tested. 

This test is done by processing the 

vulnerable time of sending some data 

randomly between the Application and 

Hardware. 

 

 

 

 
Figure 4.12 shows the average delay at 

each distance of the tool's range. The best 

average delay is at 0 meters, while the worst 

is at 15 meters. The delay increases as the 

distance from the access point increases. The 

delay measurement results are still 

considered very good, as they are all below 

150 ms. 

4.3.2. Throughput 

Throughput is the total number of 

observed packet arrivals at the destination 

during a certain time interval divided by the 

duration of that time interval. Just like the 

calculation of delay, the calculation of the 

average throughput is done by doing 5 

experiments at each distance of 0, 5, 10 and 

15 meters with a pause in each session of 1 

minute. From each experiment each distance 

taken for each average result. 

 
Figure 4.13. Average throughput per session 

results. 

The graph in Figure 4.13 shows the 

average throughput at different distances 

from the internet access point. The highest 

average throughput is at 0 meters with 

32139 bps, followed by 5 meters with 26264 
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bps, 10 meters with 19973 bps, and the 

lowest is at 15 meters with 13418 bps. 

Graph shows that throughput decreases as 

distance from internet access point 

increases. Average throughput for all 

distances tested is 19594 bps. 

 

IV CONCLUSION 
After implementing and testing this Drip 

Irrigation System and Hardware 

Application, the following conclusions can 

be drawn: 

1. The irrigation system works 

according to the functions and 

points of watering or treatment in 

each Cannals. 

2. Automatic Watering at a 

predetermined hour is successful 

based on the classification data. 

3. The reading and sending of pH, 

humidity and temperature data on 

the device was successfully sent to 

Database and display on 

Application. 

4. DHT22 Room Temperature data 

reading obtained good quality 

results. 

5. The smallest average delay value is 

56.56 ms at a distance of 0 meters. 

While the largest average delay 

value is 116.38 ms at a distance of 

15 meters. Best throughput value is 

at a distance of 0 meters (32,139 

bps) bigger then value at a distance 

of 15 meters (19,594 bps). 

6. When the distance from the access 

point to the device is getting closer, 

the network quality is getting 

better. 
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