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Abstract: At present, the Makassar Aviation Polytechnic does not yet have a vertical angle measurement tool.
This tool is needed to support the learning activities of cadets at the Makassar Aviation Polytechnic. This
research is a form of engineering research making the measure angle tool as a learning aid. This research
produces a vertical angle measuring instrument that can measure the angle of the precision approach path
indicator (PAPI) in the aviation engineering department of the Makassar Aviation Polytechnic. The use of a tool
that makes it easier for technicians is that it uses an LCD display that can directly display the PAPI tilt angle
value. The components used in the manufacture of the Measure Angle tool are available in the market and are
affordable so that if there is the damage it will be efficient during maintenance. This research produces a
product in the form of microcontroller-based interactive learning media that can be used by cadets in the
Makassar Aviation Polytechnic environment.
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I.  Introduction

Aviation Polytechnic of Makassar is a Technical Implementation Unit (TIU) in the field of air
transportation education and training within the Air Transportation Human Resources Development Agency
‘BPSDM’ which aims to create useful people for the world of aviation.

Makassar Aviation Polytechnic does not yet have a vertical angle measurement tool. This angle
measurement tool is needed to support cadets' practicum learning activities. In addition to knowing the angle of
the precision path indicator, this tool is also useful in training to simulate a precision approach path indicator
calibration. Therefore, cadets, have difficulty knowing the angle value when simulating measurements and
determining the angle of the precision path indicator.

Based on the above, the researcher tries to design a microcontroller-based tool to measure the vertical
angle and the angle of similarity to the Precision Approach Path Indicator (PAPI).

Il. The Methods
This research is a type of engineering research carried out from August 2020 to September 2020 at the Makassar
Aviation Polytechnic Laboratory. The research stages are as follows:
1. The design stage of the vertical angle measurement system that will be used for measuring the angle of the
precision approach path indicator
2. The assembly stage, assembling a vertical angle measurement system that will be used for measuring the
precision approach path indicator angle
3. The trial stage, which is to test the system that has been made whether it is running properly
Model design: the tool made has a working principle of measuring a vertical or slope starting from the
horizontal direction. The movement of the tool is set by moving clockwise with the positive sign (+ or down),
and moving counterclockwise with the negative sign (- or up)

Create a wiring diagram for the Measure Angle tool
The wiring diagram is intended to make it easier to assemble the Measure Angle tool in which there is a path to
connect one component to another so that it can work according to the instructions given.

DOI: 10.9790/7388-1006042333 www.iosrjournals.org 23| Page



Designof Measure Angle Toolsas a Learning Toolfor LearningAngle ..

Figure 1. Design of the vertical angle measure

The components of the angle measure tool

The main components in making the Measure Angle tool, namely, Arduino, gyroscope sensors MPU 6050, type
g-51 9250, 12C LCD, red laser and 20x4 LCD display, then as for complementary accessories, hamely, a tripod
for tool mounts when used to measure angles, frame, spicer bolts, single male header (fishbone), solder, tinol
(tin solder), and male-male and male-female jumper cables.

How the System Works

To perform the calibration and angle measurement, the following steps are taken.

1. Place the Mockup Precision Approach Path Indicator on a flat spot.

2. Calibrate the mockup so that the value is 0°.

3. Then for the angle calibration exercise, it can be obtained by turning the existing PAPI mockup legs so that
the desired angle results are obtained.

System Testing

System testing is done by comparing the system made with the original system in the field, is there a significant
difference or can it approach the existing system in the field, so that the equipment made will be able to present
the existing tools in the field later?

111. The Results
Hardware
Hardware that has been successfully made in this study is a microcontroller-based Measuring Angel tool. This
hardware consists of Arduino Uno, MPU/156 Gyroscope Sensor, LCD 16x2, 12C Sensor, Jumper Cables, 5 volt
DC Supply. The explanation of the results of making hardware devices is as follows:

a. Arduino Uno

Arduino is an open-source microcontroller board based on the ATmega338P microcontroller and
developed by Arduino CC. The board is equipped with a set of digital and analog input / output pins that can be
connected to various expansion boards and other circuits. In this study, the microcontroller used is the Arduino
Uno which functions to program the MPU/156 Gyroscope sensor and display it on a 16x2 LCD.
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Figure 2.Arduino Uno

Power supply
The power supply or commonly called the Power Supply is a device that supplies electricity to one or more
electrical loads. The power supply is an important chart in electronics which functions as a source of electricity,

for example in batteries or batteries.

Figure3.Power Supply 5vVDC

In the power supply, the adapter is used to convert the AC220V mains voltage to DC voltage. In this study, the
expected output voltage for the adapter is 5VDC.

MPU/156 sensor

The MPU/156 sensor functions as an angle tilt reader based on data from the accelerometer sensor and the
gyroscope sensor. This sensor is also equipped with a temperature sensor that can be used to measure the
ambient temperature. The data path used on this sensor is the 12C data line.

o

Figure 4. MPU/156 sensor
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The MPU/156 sensor is connected with pins A4 and A5 so that Serial Clock (SCL) and Serial Data (SDA) data
can send/receive information/data serially using the data line and also wait for the reading of commands from
the master whether to accept/write data or send to the master. The VCC and GND pins function to connect a
voltage of 5VDC and Ground.

LCD16x2
Liquid Crystal Display (LCD) is a type of display media that uses liquid crystals as the main display. LCD has
been used in various fields such as electronic devices such as televisions, calculators, or computer screens.

Figure 5. Liquid Crystal Display (LCD)

This LCD functions to display the results of the MPU/156 sensor measurements and is set via Arduino so that it
can display readings on the LCD 16x2. In addition, it is also for editing what you want to display on the LCD.

12C (Inter Integrated Circuit)

Inter-Integrated Circuit or often referred to as 12C is a two-way serial communication standard using two
channels specially designed to send or receive data. The 12C system consists of Serial Clock (SCL) and Serial
Data (SDA) which carry data information between the 12C and the controller.

U;’. ,
L
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Figure 6.Inter Integrated Circuit

In this circuit, the pins on the 16x2 LCD are connected with 12C in order to facilitate the two-way serial
communication. When the LCD and 12C have been connected, the pins on 12C themselves have 4 connectors.
Among them are VCC as a voltage source which includes 5VDC and GND Pin as Grounding. PIN Serial Clock
(SCL) and PIN Serial Data (SDA) are connected to PIN A4 and A5 on Arduino.
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Mockup Precision Approach Path Indicator (PAPI)
Mockup made of the size is made as close as possible to the original equipment which uses material from an

iron plate with a length of 60 cm, width 30 cm and height 25 cm, height 30 cm feet.

ATy

Figure 7. Mockup Precision Approach Path Indicator

Software
The software used to program the entire research is written in C using the Arduino software. The program made
in this study is a setting on the MPU/156 sensor sensitivity and displays on the LCD.

a. Design Software on Arduino Uno
The Arduino Uno used in this study has an embedded boot loader

File Edit Sketch Tools Help

Auto Format Ctrl+T
Archive Sketch
bismillah_ben Fix Encoding & Reload
// Divide a Manage Libraries... Ctrl+Shift+]
gyro_x cal Serial Monitor Ctrl+Shift+M
gyze_y_cal Serial Plotter Ctrl+ Shift+L

gyro_z_cal
WiFi101 / WiFININA Firmware Updater

[/ Start 3e
Serial.begi Board: "Arduinc Uno" >
Port: "COMBE (Arduino Uno)" ; Senal ports
S/ Init Tim > )
loop_timer Get Board Info COMSG (Arduino Una)
! Programmer: "AVRISP mkll" ¥
void loop() ] Burn Bootloader

Figure 8.Choice of the serial port on Arduino software

To handle serial/USB communication with a computer, the serial port option used is the Arduino Uno
board, which is on the Tools menu> Serial Port. The Serial Port on the Arduino Software occurs in the picture.
The program that has been created can be verified by pressing the verify button, if there is no error in the
program, then the program can be saved by pressing the save button and then uploading it is presented in the
Arduino software as shown in Figure 4. The function of the Arduino software in making measurement tools
Angel to program so you can see the result of the reading from the MPU/156 sensor.
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@ bismillah_benar_arduinonya_mas_nya | Arduino 1.8.11
“ile Edit Sketch Tools Help

VERIFY UPLOAD SAVE

The software that has been made in this study includes a program of duration of therapy and monitoring of
pressure values on the Measuring Angel device.

b. MPU/156 Sensor Reading Program

The pressure value reading program in this study is needed because the output from the sensor must be
set in order to get the required value. The pressure value readings are as follows:

This sketch requires another library, the New Liquid Crystal Library for 12C. This can be done by
downloading the latest version of BitBucket. This is a ZIP file, so it is necessary to install to the Arduino IDE.
Instead, the Arduino Wire library for 12C is used and the registers in the MPU/165 are directly manipulated.

In the initial sketch of Setup, the researcher calibrates the sensor by reading the acceleration data and
the gyroscope 100 times. These are then averaged to arrive at a baseline. Due to this operation, the device will
delay a few seconds before giving the first reading, the author is only interested in getting the Pitch and Roll
value in degrees. Because the data was extracted too fast for the LCD screen to handle, the researcher used a
counter and only took a reading for every 100 passes. After a few seconds of pause, the LCD screen will show
you the angle, both pitch, and roll. The LEDs must be properly lit. Try moving the level around and pay
attention to the LED reading and display.

A programming language is a command given to Arduino through a processing language as follows:

ff Get data from MPU-6050
read mpu 6050 _ datal);

ffSubtract the offset valuesfrom the raw gyro values
E9.%.-= ge.x.5al; 3,00
SRR -= SWrQ.¥..5al 2,75
SEQE= SRSl 3,00

#Gyro angle calculations . Note0 0000611 =1 /(250Hz x 65 .5)

ffC alculate the traveled pitch angle and add thisto the angle pitch variable
itch+= gyro x *0.0000611;
ffC alculate the traveledroll angle and add thisto the angle roll wariable
/0000001066 =0.0000611 *(3.142(FPI)/ 180dezg) The Arduino sin functionisin radians

angle roll+= gyro v *0.0000611;

HMIf the IMU hasyawed transferthe roll angle to the pitch angle
itch+= angle_zoll * sinfgyre z * 0.000001066);

HIf the IMU hasyawed transfer the pitch angle to the roll angle

angle roll -= angle piteh * sinfgyro z * 0.000001066);

ff&ccelerom eter angle calculations

ffCalculate the total accelerom eter vector
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ace. total vector= sqrt((ace. x*ace XIHace wracc 0 Hace 2 acc 20

57 296=1 f(3.142 f180) The Arduino ggin functionisin radians
ffCalculate the pitch angle

angle_pitch acc= asin((float)ace sfacc total wectofi* 57 296,
ffCalculate the roll angle

ange roll_acc= asin((floatiace xfacc total wecto)*-57 296,

ﬂAccelerom eter calibration value for pitch
-=30;
ffAccelerom eter calibration walue forroll
angle_zoll acc-=3.0;
if(setgvxo.anglesi{
HIfthe IMUT hasbeenrunning
ffC orrect the drift of the gyro pitch angle with the accelerom eter pitch angle
= ange pitch ™ 0.9996 + angle _pitch acc *0.0004;

angle pitch
fC orrect the drift of the gyro roll angle with the accelerom eterroll angle
angle xoll = angle roll *0.9996 + angle roll acg™ 0.0004;

¥

AWMU hasjust started
fiSet the gyro pitch angle equalto the accelerom eter pitch angle
ffSet the gvro roll angle equalto the accelerom eterroll angle
angle roll = ;
fiSet the IMMU startedflag
seh.Z¥xo. angles= true;

¥

ffTo dampenthe pitch androll angles a com plem entary filteris used
ffTake20% of the output p1tch value and add 10% of the raw pitch value

angle. pilch outout= *0.9 +apgde pikeh™ 0.1,

ffTake20% of the outputroll value and add 10% of the rawroll value
angle_roll output=angle roll output 0.9 + angle roll *0.1;

fAAait until the loop _tim erreachesd4000us(250Hz) before startingthe nextloop

/fPrint to Serial Wlonitor
fRedalpont" | &ngle = '); Setalprintinfange pitch outpuh:

HfIncrementthe display counter
displazcount = displazcount+1;
I

File Edit Sketch Tools Help

Measure_Angle §

S/ Include Wire Library for I2C
#include <Wire.h>

S/ Include NewLigquidCrystal Librarv for I2C
#include <LiguidCrystal I2C.h>

S/ Define LCD pinout
const int en=2, rtw=1, ra =0, d4 = 4, d5 =5, d6 = &, d7 = 7, kBl = 3;

S/ Define I2C bhddress - change if regiuired
conat int iZc_addr = O0x3F;

LigmidCrystal I2C lcd({0x27,20,4);
[/ Lewel LEDs

Figure 8. Activation of the LCD display
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File Edit Sketch Tools Help

Measure_Angle &

sroid sectup () {

S fScart I2C
Wire.begin(() s

A4 Bet display type as 16 char, 2 rows
led.begin{(l&, 2) »

FSrS8etup the registers of the MPEFUO-&050
setup mpua 6050 _registers()r

S rRead the raw acc and gyro data f£rom the MPFO-6050 1000 times
for (int cal_int = 0; cal_int < 1000 ; cal_int ++){
read mpu &050_data ()
Srhdd the gyro ¥ offset to the gyro x cal wariable
gvro_xX_cal += gy¥yro XH;
JSradd the gyro ¥ offset to the gyro ¥ cal wariable
gyro_ v cal += gy¥yro ¥;:
Srhdd the gyro =z offset to the gyvro = cal wvariable
gyro_E_cal += gyro =r
SrADelay 3us to hawe 250H=z for—-loop
delav {3}

¢ Diwvide all results by 1000 to get average ocffset
gyro_x_cal = 1000;
gy¥yro_Y¥_cal JS= 10007
gvro = cal = 1000;

Figure 9. MPU-9250 registration

File Edit Sketch Tools Help

Measure_Angle §

angle_HASIL PENGUKUEAN_ SUDUT = angle HASIL FENGUKUFAN_ SUDUT_acc:
//8et the IMU started flag
set_gyro_angles = true;

//To dampen the SUDUT_Y and HASIL PENGUKURARN SULUT angles a complementary filter is used

/fTake 90% of the output SUDUT_Y value and add 10% of the raw SUDUT_Y wvalue

angle_SUDUT_Y¥ output = angle 3UDUT_¥ output * 0.9 + angle SUDUT_Y +* 0.1;

/fTake 90% of the output HASIL PENGUEURAN SUDUT walue and add 10% of the raw HASIL PENGUEURAN SUDUT value

angle HASIL PENGUEURAN SUDUT_cutput = angle HASIL PENGUEURAN SUDUT_ocutput * 0.9 + angle HASIL PENGUEURAZN SUDUT * 0
//Wait until the loop_ timer reaches 4000us (250Hz) before starting the next loop

// Print to Serial Monitor
/fSerial.print{™ | Angle = "); Serial.println{angle_ SUDUI_Y output);

/f Increment the display counter
displaycount = displaycount +1;

if (displayccount > 100) |

led.backlight{):

// Print on first row of LCD
led.setCursor(0,0);
led.print ("HASIL PENGUKURAN SUDUT: ™):
led.print {angle_SUDUT_Y cutput);
led.secCursor(0,1);

led.print ("SUDUT_Y: "):

led.print (angle_ HASIL PENGUKURAN_SUDUT_output):

Figure 10.Display angle reading caption
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File Edit Sketch Tools Help

Measure_Angle §

void read mpu €050 data()]

//5tart communicating with the MPU-&030

Wire.beginTransmizaion (0x68);

[/5end the requested starting register

Wire.write{0x3B);

//End the transmission
Wire.endTransmizaion();

[/Request 14 bytes from the MPU-6050
Wire.requestfrom(0x68,14);

[/Wait until all the bytes are received

while (Wire.availsble{) < 14);

[/Following statements left shift & bits, then bitwise {R.

[/Turns two 8-bit value3 into one 16-bit value

acc_X = Wire.read()<<B|Wire.read();

acc_y = Wire.read()<<B|Wire.read();
acc_z = Wire.read()<<8|Wire.read();
terp = Wire.read()<<8|Wire.resd(};

read()<<8|Wire.read():
gyro ¥ = Wire.read()«<<8|Wire.read();

gyro ¥ =

gyro z = Wire.read()<<d|Wire.read();

Figure 11. Final activation of the MPU-6050 gyroscope

Figure 12. Laying the mockup on a flat place

1V. Discussion

Calibration and measurement of angles using the Precision Approach Path Indicator mockup.
To perform calibration and angle measurement, the following steps are carried out.
1. Place the Mockup Precision Approach Path Indicator on a flat place.
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1. Perform a mockup calibration so that the value is 0°.

Figure 13.Mockup Calibration to get a value of 0

2. Then for the angle calibration exercise it can be obtained by rotating the existing PAPI mockup legs so
that the desired angle results are obtained.

Figure 14.The precision calibration exercise of approach path indicator (PAPI)

3. Recording the results of the tilt angle listed on the LCD display of the Measure Angle tool and
calculating the height of the PAPI light emitted on the object, then entered into the table for comparisons to
determine the accuracy of the tool.

Figure 15. The measurement results are shown on the LCD of the Measure Angle tool

b. Comparison of Measurement Results.
To find out the accuracy of the Measure Angle tool, it is necessary to make a comparison with the test results

using a clinometer and a PAPI mockup that is equipped with a measure angle tool, the data obtained are as
follows:
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Table 1. Comparison of Measurement Results

No Box PAPI 09 Measure Angle ground inspection
Position 1 2.42° 2.45°
Position 2 2.78° 2.79°
Position 3 3.24° 3.26°
Position 4 2.53° 3.55°

V. Conclusion
This research produces a product in the form of microcontroller-based interactive learning media that

can be used by cadets (i) in the Makassar Aviation Polytechnic environment. Based on the results of calculations
with the results of flight calibration (flight inspection) as a benchmark or basis for the slope of the PAPI box, the
results of the slope deviation measured by the clinometer with the Measure Angle are not much different, this
shows that the Measure Angle tool is accurate enough to be used in carrying out measurements on land (ground
inspection). For the Angle Measure tool, it is necessary to attach a water pass to find the angle 0°.
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