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ABSTRACT 

This research is a research and development research that aims to find out the results of the development of 

tower slope monitoring tools using the ESP32 Microcontroller-Based Sensor Gyroscope and find out the test 

results of the tool tower tilt monitoring using the ESP32 Microcontroller-Based Gyroscope Sensor. The 

development model used in this study is a prototyping model with stages of collecting needs, building prototypes, 

evaluating prototypes, coding, testing, evaluation, uses of system. The data used are interviews, questionnaires, 

observations and measurements. The data were analyzed using descriptive statistical analysis techniques.  

Based on the results of this study is a prototype of a tower slope monitoring tool was produced that was used to 

monitor the slope of the tower remotely through the telegram application. From the test results of the tower tilt 

monitoring tool using the MPU6050 gyroscope sensor based on the ESP32 microcontroller, it was found that 

the average time it takes to receive notifications if they occur the slope is 3.21 seconds. The results of the pecan 

test n there is a difference in the angle read at a height of 1 meter is 0.3 degrees, a height of 2 meters 0.2 degrees, 

a height of 3 meters 0.22 degrees, and a height of 4 meters 0.18 degrees.  The results of the functional suitability 

test show that the tool functions as designed.  The usability characteristic of the tower slope monitoring tool 

gets an average score of being included in the excellent category. 

 

Keywords: Monitoring, Tower, Gyroscope Sensor, Microcontroller 

 

 

 

1. Introduction 

The development of the times has affected technological advances, which currently appear 

various objects and electrical devices (Rymarczyk, 2020). One of the applications of technological 

developments in the modernization era that is becoming a current trend is remote monitoring 

technology. Various aspects try to take advantage of rapidly developing technology as much as 

possible in its use in everyday life, from simple problems to problems that are far more complex. 

Remote monitoring technology really needs its role to facilitate a job with monitoring that can be 

done remotely and can facilitate its use, one of which is monitoring the slope of the tower (Feng et al., 

2021; Zhang et al., 2018). 

The main parts of the transmission are towers, insulation, conductors, and grounding wires. The 

reliability of the transmission system is very dependent on the condition of the equipment which is 

highly correlated to the resistance of the equipment to disturbances. Steel construction is the most 

widely used high voltage overhead line tower construction. This construction is one of the main parts 

that also often experience interference. The communication system in Indonesia is channeled through 

communication devices that can transmit signals. This tool is supported by a steel pole called a 

telecommunication tower. Telecommunication tower is a telecommunication building structure that 

uses a combination of steel frames as its construction material (Seran, 2017; Malviya & Jamle, 2019; 

Tsavdaridis et al., 2020). 

The tower is a major component of the transmission and telecommunication lines so that the 

collapse of the tower greatly affects the power transmission and telecommunication system (Idris, et 

al., 2021). There are cases of tower collapses in several regions in Indonesia which impede the 

distribution of electricity and telecommunication energy to be one of the problems that need to be 

addressed. 

The case of tower collapse is not only influenced by the age of the construction, but also can be 

influenced by various things, such as natural conditions (Abdelwahed, 2019). Strong winds and heavy 

rain around the tower resulted in changes in conditions and soil structure that could affect the slope 

level of a tower, in this case the High Voltage Air Line (SUTT) tower. The collapse of the tower can 
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disrupt the distribution of electric power and can cause casualties. However, this risk can be reduced 

if the slope of the tower can be known earlier, so that corrective action can be taken quickly for towers 

that have the potential to collapse. Therefore, it is necessary to monitor the slope of the tower in real 

time utilizing the Internet of Things to facilitate the tower monitoring process. Syufrijal S. (Syufrijal, 

2018) has previously developed a prototype for an automatic distance and slope measurement system 

using an Internet of Things (IoT)-based microcontroller, but has not yet been used to detect tower tilt. 

Based on the problems above, it is necessary to develop a tower tilt monitoring tool using a 

gyroscope sensor with an ESP32 microcontroller with remote control that can be accessed via telegram 

(Setiawan et al., 2020). This was done because there were several cases of tower collapse due to the 

changing conditions of the tower construction and it was too late to get handling from the officers so 

that with the tower tilt monitoring tool it can automatically detect the condition of the tower by sending 

a signal to the officer. In addition, of course, it will cause various impacts that can affect the 

distribution of electricity. 

 
2. Research Methods 

This research is research and development or Research and Development (R&D). R&D is 

research that aims to develop new products or improve existing products and validate those products. 

The product referred to in this study is a microcontroller-based tower tilt monitoring prototype via 

telegram. A prototyping model was used in the development used in this study. Model Prototyping is 

a simple modeling process that allows the user to have a basic picture of the system and to do initial 

testing (Pressman, 2012). This development model was chosen because it is most suitable for 

developing product prototypes. This development model is very flexible because changes can occur 

at each stage of development, or if there is a stage that is not perfect, the developer can return to the 

next stage. The prototyping model consists of 7 stages, namely collecting requirements for building 

prototypes, evaluating prototypes, coding systems, testing systems, evaluating systems, and using 

systems. 

 

Development Procedure 
The procedure or development stages in this study based on the prototyping model are shown 

in the following figure. 

 

 
Fig. 1. Development Procedure 

 

1. Collection of Needs 

In order to carry out system development, an initial needs assessment and analysis of 

ideas or ideas to build or develop the system is required. Analysis is used to find out what 

components are in the running system. It can be in the form of hardware, software, network, 

and system users as the end user level of the system. The next step is to collect the information 

needed by end users which includes the costs and benefits of the system being built or 

developed. 

2. Build a Prototype 

Build prototypes by designing tools and systems. This stage aims to produce a system 

design that will be developed. The design is based on a needs analysis that has been completed 

previously. 

3. Prototype Evaluation 
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This evaluation is carried out by the researcher concerned whether the prototype that has 

been built is appropriate. If it is appropriate then step 4 will be taken. If not the prototype is 

revised by repeating steps 1,2 and 3. 

4. Coding the System 

In the prototyping stage, what has been agreed is translated into a programming language. 

The programming language used is the C programming language, using the Arduino IDE and 

to process commands using the Telegram BOT. 

5. System Testing 

At this stage the researcher tested the prototype components, tested the slope at height, 

tested the distance, and tested ISO 25010 (Made et al., 2021) for functional suitability and 

usability 

6. System Evaluation 

The validator evaluates whether the prototype of the tower tilt monitoring tool that has 

been developed is as expected. If not, then the researcher will repeat steps 4 and 5. But if it is 

appropriate, then step 7 can be done. 

7. System Usage 

The prototype of the tower slope monitoring tool that has been tested and accepted by 

the validator is ready to be used. 

 

In this study, the data analysis technique used was descriptive statistical analysis technique. 

Descriptive statistical analysis is a data analysis technique used to analyze data by describing or 

describing data that has been collected soberly without any intention of making generalizations from 

the research results. The analysis was carried out based on existing characteristics and sub-

characteristics. Data analysis techniques in this study are divided into several analyzes as follows: 

Analysis of testing the accuracy of the slope at a height using an artificial pole which serves to 

determine the comparison of the tool to detect the slope if it is at a different altitude. A distance testing 

analysis was carried out to see whether all commands could be sent properly based on the distance of 

the surrounding complex area, up to the furthest distance of around 1300 km. Functional suitability 

testing is carried out as follows: 
Functional suitability testing uses test cases that are assessed on the Guttman scale. The test 

results are calculated using the formula from the Feature Completeness matrix. The formula for 

calculating Feature Completeness is (Dako & Ridwan., 2021): 

X =
I

P
 

Information : 

I = Number of features that have been successfully implemented 

P = Number of features designed 
 

The result of the Feature Completeness calculation, namely the value of X which is close to 1, 

indicates that almost all of the designed features have been successfully implemented. So that the 

Functional Suitability characteristics are declared acceptable if X approaches (0 ≤ X ≤ 1). 

Testing of Usability Characteristics was carried out using a questionnaire which was distributed 

to 30 respondents to assess the prototype of the tower tilt monitoring tool being developed. Each 

statement/question in the questionnaire has 5 answer choices with an assessment based on a Likert 

scale (Sugiyono., 2013). After obtaining the average value of the questionnaire data collected, it will 

be concluded that the quality level of the tool is based on the category in Table 1. 
Table 1 - Usability Characteristics Assessment Category 

Category Interval 

Very Good 4,2 - 5,0 

Good 3,4 - 4,1 

Pretty Good 2,6 – 3,3 

Not Good 

Very Less Good 

1,8 – 2,5 

1,0 – 1,7 
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3. Results And Discussion 

A. Results 

1. Results of Needs Analysis 

This needs analysis is to find out what components are in the running system, which 

can be in the form of hardware, software, network, and system users as the end user level of 

the system. The needs regarding the tower slope monitoring tool prototype developed are: 

a. Tower tilt monitoring tool with the command feature to send tower slope data on a telegram. 

b. Tower tilt monitoring tool with command feature sends tower tilt warning on telegram. 

c. Tower tilt monitoring tool with a sound warning feature on the buzzer. 

d. Tower tilt monitoring tool with a feature to read slope data on the LCD. 

2. Build a Prototype 

Based on the results of the needs analysis, the prototype will be built at this stage to 

produce the following design: 

 
Fig. 2. Prototype Series 

 

The electronic circuit design includes the electrical circuit design consisting of ESP32 

microcontroller components, gyroscope sensors, buzzers, LCDs, batteries and solar panels. 

3. Prototype Evaluation 

This evaluation is carried out to find out to what extent the results of the prototype 

design for the tower tilt monitoring tool that have been developed are in accordance with the 

needs or not. Based on the results of the evaluation of the prototype design of the tower slope 

monitoring tool, the design was declared in accordance with the needs to be developed 

(Keshari et al., 2021). 

4. Coding System 

At this stage, in accordance with the agreement regarding the design translated into the 

C programming language using the Arduino Integrated Development Environment (IDE) 

software used by the author is version 1.8.19. The programming contained in the Arduino IDE 

software has 3 main parts, namely structure, values, and functions. Before coding the tower 

tilt monitoring tool, first create a bot father token on Telegram. Making telegram bots is 

important for connecting telegram messages that will be used to carry out commands on the 

Arduino IDE according to system requirements. The bot on Telegram will display tower tilt 

data and tower tilt warnings remotely. 

5. Testing 

a. Testing the ESP32 microcontroller connection 

Testing the connectivity of the ESP32 microcontroller to WiFi is carried out 

using a smartphone hotspot so that the network connection is faster for distance 

testing. For remote testing, the smartphone hotspot WiFi is placed around the ESP32, 

if the ESP32 is connected, it will appear on the Arduino IDE serial monitor. The test 
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on ESP32 can be seen in the image below. 
 

 
Fig. 3. ESP32 Microcontroller Testing 

 
Based on the results of testing the connectivity of the ESP32 microcontroller, it can be 

concluded that the ESP32 microcontroller can function properly. 

 

b. Gyroscope Sensor Testing 
 

 
Fig. 4. Gyroscope Sensor Testing 

 

Based on the data above, it can be concluded that the Gyroscope sensor is able 

to detect tilt and there are no problems when configuring data. 

c. Solar Panel Testing 

 

 
Fig. 5. Solar Panel Testing 

2,13 5 9,96

30,1

60,09

90,13

0,13 0,02 0,06 0,11 0,09 0,130

20

40

60

80

100

2⸰ 5⸰ 10⸰ 30⸰ 60⸰ 90⸰

Gyroscope Sensor Testing

Average Sensor Testing  (⸰) Average Angle Difference (⸰)

0

5

10

15

20

25

30

35

40

45

06.30 07.00 08.00 09.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 17.30

T
em

p
er

at
u
re

 (
0
C

),
 V

o
lt

ag
e 

(V
)

Time (Hour)

Solar Panel Testing Data

Temperature Solar Panel Voltage (V) Battery Output Voltage (V)



Imran et al…                                         Vol 4(1) 2022 : 405-414 

 

410  

 

Based on the data above, it can be explained that the higher the temperature, the 

better the performance of solar panels, but the temperature is excessive. But continue 

the performance of solar panels. The most effective time for solar panels to have good 

performance is at 09.00-14.00. 

 

d. Slope Test Results at Height 

1) Testing the slope at a height of 1 meter 
 

Table 2 - Meter Height Slope Data 

No Tower Tilt 
Angle 

(degrees) 

 

Tilt Angle on 
The Tool 

Display 

(degrees) 

Telegram 
Status 

Buzzer 
Status 

difference 
(degrees) 

1 2 2,2 Alert Beeps 0,2 

2 5 5,3 Alert Beeps 0,3 

3 10 10,2 Alert Beeps 0,2 

4 20 20,5 Alert Beeps 0,5 
5 30 30,3 Alert Beeps 0,3 

Average 0,3 

 

2) Testing the slope at a height of 2 meters 

 
Table 3 - Meter Height Slope Data 

No Tower Tilt 

Angle 
(degrees) 

 

Tilt Angle on 

The Tool 
Display 

(degrees) 

Telegram 

Status 

Buzzer 

Status 

difference 

(degrees) 

1 2 2,2 Alert Beeps 0,2 

2 5 5,2 Alert Beeps 0,2 

3 10 10,1 Alert Beeps 0,1 

4 20 20,1 Alert Beeps 0,1 
5 30 30,4 Alert Beeps 0,4 

Average 0,2 

 

3) Testing the slope at a height of 3 meters 

 
Table 4 - Meter Height Slope Data 

No Tower Tilt 

Angle 
(degrees) 

 

Tilt Angle on 

The Tool 
Display 

(degrees) 

Telegram 

Status 

Buzzer 

Status 

difference 

(degrees) 

1 2 2,2 Alert Beeps 0,2 

2 5 5,2 Alert Beeps 0,2 

3 10 10,2 Alert Beeps 0,2 

4 20 20,1 Alert Beeps 0,1 
5 30 30,4 Alert Beeps 0,4 

Average 0,22 

 

4) Testing the slope at a height of 4 meters 

 
Table 5 - Meters Height Slope Data 
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No Tower Tilt 
Angle 

(degrees) 

 

Tilt Angle on 
The Tool 

Display 

(degrees) 

Telegram 
Status 

Buzzer 
Status 

difference 
(degrees) 

1 2 2,1 Alert Beeps 0,1 
2 5 5,1 Alert Beeps 0,1 

3 10 10,2 Alert Beeps 0,2 

4 20 20,2 Alert Beeps 0,2 

5 30 30,3 Alert Beeps 0,3 

Average 0,18 

 

 

a. Test Results Based on Distance 

 
Fig. 6. Testing Based on Distance 

 

Based on the test results for the shortest distance of 100 m and the farthest distance 

of 1300 km, it is known that all command messages and warning notifications can be 

monitored properly. The average time required for sending data is 3.21 seconds. 
b. Test Results ISO 25010 Characteristics of Functional Suitability. 

 
Table 6 - Functional Suitability Testing 

Validator I P X=I/P 

Dr. Haripuddin, S.T., M.T. 7 7 1 

Zulhajji, S.T., M.T. 7 7 1 

 

Based on the calculation of the Feature Completeness, the value of X is 1 which 

indicates that all the command and sensor detection features designed previously have 

been successfully implemented, so it can be concluded that the Feature Completeness of 

the prototype tower tilt monitoring tool is accepted. 
c. ISO 25010 Test Results for Usability Characteristics 

 
Table 7 - Usability Testing 

Interval Category Respondent Percentage (%) 

4,2 - 5,0 Very Good 20 80% 

3,4 - 4,1 Good 5 20% 
2,6 - 3,3 Pretty Good 0 0 

1,8 - 2,5 Not Good 0 0 

1,0 - 1,7 Very Less Good 0 0 

Total 25 100% 
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Based on the results of testing the usability characteristics of the tower tilt 

monitoring tool prototype, the average value was 4.34, so the test was included in the very 

good category. 
6. Evaluation 

The prototype evaluation stage in this study was carried out to improve the 

application based on comments and suggestions that had been submitted in the functional 

suitability and usability testing. After the application is adjusted to the wishes of the user 

and the media expert validator, the next step can be carried out. The results of the final 

calculation of the usability test obtained an average value of 4.34 and the functional 

suitability test obtained a value of 1. If the value is converted based on a Likert scale 

assessment, the final value is included in the very good category. These results indicate 

that the tool developed is appropriate and can be continued to the next stage. 
7. Use of Prototypes 

A prototype tower tilt monitoring tool using a Gyroscope sensor based on an ESP32 

microcontroller via telegram is used as a reference for a remote tower tilt monitoring 

system. It is hoped that with the trial use of the tower tilt monitoring tool prototype, 

officers can remotely monitor or monitor the tower slope in real time. 
 

B. Discussion  

A tower tilt monitoring tool using a Gyroscope sensor based on an ESP32 microcontroller 

via telegram is a prototype to determine the tower tilt status and provide a warning if a slope occurs 

above the tower tilt tolerance value. This tower monitoring tool is monitored via telegram messages 

on smartphones, laptops, or computer devices that have been installed with the Telegram 

application to make it easier for tower officers to monitor the slope of the tower remotely, anytime, 

and anywhere. a tower tilt monitoring tool using a Gyroscope sensor based on an ESP32 

microcontroller was developed in the C programming language through the Arduino Integrated 

Development Environment (IDE) and telegram data processing using the telegram BOT. This aims 

to facilitate the development of tower slope monitoring tools via telegram messages (Muslih et al., 

2018). 

The development of the tower slope monitoring tool is carried out by fulfilling user criteria, 

so that the prototype development process can be accounted for and tested (Zhang et al., 2021). 

This tool was developed using a prototype development model, which has seven stages, namely 

needs analysis, building a prototype, evaluating a prototype, coding the system, testing the system, 

evaluating the system, and using the system. The development of the monitoring tool begins with 

carrying out the needs analysis stage to identify the need for the tower slope monitoring tool to be 

developed. The method used to analyze the data is interviews with users. Based on the results of 

the interviews, a prototype can be built. This stage resulted in the design of a tower tilt monitoring 

tool including the design of the electronics and the design on the pole. The next stage is the 

evaluation of the prototype, which aims to find out whether the design results of the tower tilt 

monitoring tool are in accordance with the needs or not. Based on the evaluation results, the 

prototype design of the tower tilt monitoring tool is declared to be in accordance with the needs of 

home users regarding the tower tilt monitoring tool to be developed. 

The next stage is coding the tower slope monitoring tool system, in the agreed prototype 

stage translated into programming language. The programming language used is C language, using 

the Arduino IDE and to manage commands using the Telegram BOT (Kurniawan, 2020). The 

system coding stage produces an ESP32 microcontroller-based tower slope monitoring tool that 

can be controlled via telegram. The tower slope monitoring tool that has been developed will be 

tested using slope accuracy measurements at height, distance measurements, and ISO 25010 

standards. testing 2 characteristics of ISO/IEC 25010 namely functional suitability and usability 

characteristics. 

Based on the results of system expert validation, testing, and user responses to the trial of 

the tower tilt monitoring tool, the quality of the developed tower tilt monitoring tool prototype was 

declared valid and included in the very good category. From the monitoring test based on the 
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distance, all command messages and warning notifications can be monitored properly. The average 

time required for sending data is 3.21 seconds with the closest distance being 100 meters and the 

farthest distance being 1300 kilometers. The results of testing the slope of the tool with different 

heights on the pole with the lowest height of 1 meter and the highest of 4 meters. The average 

difference in slope angle read at a height of 1 meter is 0.3 degrees, a height of 2 meters is 0.2 

degrees, a height of 3 meters is 0.22 degrees, and a height of 4 meters is 0.18 degrees. The 

difference in slope angle between the tool and the pole angle can also be caused by measurement 

errors made manually. 

Testing the functional suitability characteristics of the tower tilt monitoring tool, using the 

feature completeness formula to get an X value of 1, the tower tilt monitoring tool is stated to be 

very good. The usability characteristics of the tower tilt monitoring tool get an average value of 

4.34 which is included in the very good category. Based on the research results of the tower tilt 

monitoring tool using a gyroscope sensor based on the ESP32 microcontroller via telegram after 

being validated and tested on measurement characteristics and ISO 25010 standards, it can be 

concluded that all the characteristics tested have met the quality standards for the development of 

a tower tilt monitoring tool. The results of this test can represent that the developed system is 

actually functioning, so it can be stated that this tower tilt monitoring tool is valid, effective and 

efficient to implement. 

 

 

Conclusion 

Based on the research data that has been carried out and the discussion that has been 

put forward, the following conclusions can be drawn. the danger if there is a tilt is sent to the 

user's telegram and the buzzer sounds at the tower location. Monitoring tower tilt is effective 

for monitoring tower tilt in real time from a distance, and increasing the efficiency of tower 

supervision. The tower tilt monitoring tool using a gyroscope sensor based on an ESP32 

microcontroller is declared to have fulfilled all aspects of the test based on tilt testing, distance 

testing and ISO 25010 Standards. Test results based on the distance of all command messages 

and warning notifications can be monitored properly. The average time required for sending 

data is 3.21 seconds with the closest distance being 100 meters and the farthest distance being 

1300 kilometers. Testing the inclination of the tool with different heights on the pole with the 

lowest height of 1 meter and the highest of 4 meters. The average difference in slope angle 

read at a height of 1 meter is 0.3 degrees, a height of 2 meters is 0.2 degrees, a height of 3 

meters is 0.22 degrees, and a height of 4 meters is 0.18 degrees. The results of testing the 

tower tilt monitoring tool on the functional suitability characteristics were declared 

acceptable, and usability was in the very good category. 
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