Control Systems and Optimization Letters, Vol. 1, No 3, 2023
ISSN: 2985-6116, DOI: 10.59247/csol.v1i3.56

151

PID Control Tuning Based on Wind Speed Sensor
In Flying Robot

Fadlur Rahman T. Hasan %, Son Ali Akbar 2"
12 Department of Electrical Engineering, Universitas Ahmad Dahlan, Yogyakarta, Indonesia
Email: * fadlur1600022047 @webmail.uad.ac.id, 2 sonali@ee.uad.ac.id
*Corresponding Author

Abstract—The problem that is often faced by flying robots
when carrying out the Vertical Take Off Landing (VTOL)
process is the lack of stability of the vehicle due to
differences in wind speed at any time. This is because the
PID that has been pre-tuned is the PID at a certain wind
speed and it is possible that during the race the wind speed
suddenly changes, causing the vehicle to be less stable in
carrying out the mission. Therefore, this study proposes a
PID Control Tuning Control system based on the Wind
Speed Sensor. In experiments that have been carried out
with anemometer readings of 1-5 m/s, the ideal tuning
results are obtained with each parameter P_roll = 0.1453,
I_roll = 0.0892, D_roll = 0.004, P_pitch = 0.144, |_pitch =
0.09, D_pitch = 0.004, P_yaw = 0.184, |_yaw = 0.0184,
D_yaw = 0.00309. In experiments with anemometer
readings of 6-10 m/s, the ideal tuning results were obtained
with each parameter P_roll = 0.148, I_roll = 0.0905, D_roll
= 0.004, P_pitch = 0.1444, 1_pitch = 0.09, D_pitch = 0.004,
P_yaw = 0.1867, |_yaw = 0.0181, D_yaw = 0.0037. In an
experiment with an anemometer reading of 11-15 m/s, the
ideal tuning results were obtained with each parameter
P_roll = 0.1494, 1_roll = 0.09, D_roll = 0.004, P_pitch =
0.1457, 1_pitch = 0.0902, D_pitch = 0.004, P_yaw = 0.1894,
I_yaw = 0.018, D_yaw = 0.0037. PID adjustment based on
this anemometer sensor utilizes the latest real-time wind
speed data to support the robot in order to overcome
instability in certain wind conditions by tuning PID so that
the vehicle can maintain stability when carrying out certain
missions.

Keywords—KRTI, VTOL, PID, Anemometer, Tuning, Flying
Robot

|. INTRODUCTION

The Indonesian Flying Robot Contest has several
divisions, one of which is Vertical Take Off Landing (VTOL)
with the mission of Pick and Drop Survival Kits. This
division is contested with each team getting a chance to fly
its vehicle fully autonomously in a predetermined area or
arena [1], in which there are two survival kits locations. Its
missions include flying to find payloads of survival kits, then
sending them to a predetermined location. After that, the
vehicle must also send logistics that have been loaded before
take-off to be dropped to a predetermined place, and ends
with landing to the initial position (HOME).

In its development, the technology used in flying robots
still needs to be improved, one of which is the ability to
maintain the stability of the vehicle in various wind speed
conditions, where at this time flying robots still rely on trial
and error in stabilizing the vehicle so that the authors consider
this to be less efficient. in terms of time and energy. This is
because when there is a change in wind speed, we need to do

trial and error again to get a state where the vehicle can be
said to be stable.

There are indications that show poor performance on
systems that have erratic outputs, time delays and are not
linear [2] so that PID parameter tuning is deemed necessary
to get the desired response. Over the past few years various
PID tuning methods have been carried out, both linear and
non-linear schemes [3]. In general, tuning done on the PID
control system of the robot, both ground robots and
unmanned vehicles is still manually tuning, namely by trying
the parameter values of the PID starting from the lowest value
until the PID control response value is found to be good.
Regarding the application of proportional integral derivative
control to the control of a balance robot that develops noise
reduction using PID and Kalman-filter methods [4].

In this study [5] implemented a quadcopter to clean the
glass windows of high-rise buildings with a manual PID
tuning control process to maintain the stability of the height
and position of the quadcopter. Meanwhile, research on
modeling a hexacopter is carried out using the Newton-Euler
method, namely by analyzing the forces acting on the
hexacopter [6]. The parameters resulting from the equation
calculation of the method are then checked by simulating the
model. The stabilization of the hexacopter model utilizes a
proportional derivative controller. This is because there is no
control that is functional and simple from controlling the PID
itself [7].

Il. METHOD

Hardware design where in this section all robot
frameworks are made by taking into account CoG and also
the layout of the hardware that will be placed in the robot.
The system design is presented in the form of a block diagram
in Fig. 1.
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PWM Pixhawk

Fig. 1. Vehicle system block diagram

Drone API is communicated with multirotor using
MAVLink (Micro Air Vehicle Link) MAVLInk is a flight
protocol used to communicate between GCS (Ground
Control System) [8]. open source [9]-[10] and uses the
Python programming language which is considered easy to
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learn and the programming code is clear and easy to
understand [11].

Fig. 2 and Fig. 3 is a flowchart or program flow or
working process of the PID Adjustment Based on the JI-FS2
Anemometer Sensor.

Initialization

whether the
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table data?

PID Tuning
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Fig. 2. System Flowchart
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Fig. 3. Anemometer reading flow chart

Fig. 2 is a system flow diagram, the program first
initializes then reads the anemometer sensor value as shown
in Fig. 3, after that the value from the sensor will be read and
compared with the data that has been taken previously. Then
the value is matched with the collected reference data. then
the data that matches a certain PID and then the program will
execute according to the similarity with the data base. The
event is in a loop or continues to repeat until the device is
turned off. Indicated by the tool on which indicates when the
tool is turned on, the program will be executed continuously,
not just one cycle.

I11. RESULT AND DISCUSSION

A. System Test

System testing is carried out to ensure that the system that
has been created is in accordance with what is expected by
the researcher. Stages of system testing begins in several
stages as follows.

1) Brushless Motor Test

Before carrying out the test, it must be ensured that the
(+) and (-) power cables and the ESC signal have been
installed on the Pixhawk main output pin in accordance with
the motor number sequence according to the type of frame
used, in this study a hexa (+) frame type was used as shown
in Fig. 4.

(o)

Fig. 4. Numbering order and direction of rotation

In Fig. 4 [12] the numbers indicate which output pins
should be connected to each brushless motor. While the
direction is shown in green for clockwise rotation
(Clockwise, CW) and blue counterclockwise (Counter
Clockwise, CCW). Next recognize the propeller clockwise
and counterclockwise.

Fig. 5 shows the two types of propellers clockwise (called
thrusters) and counterclockwise (called pullers). Then it is
mounted on a brushless motor according to the direction of
rotation of the motor [13]. Next check the motor numbering
with the Mission Planner Motor Test Menu [12] which is
shown in Fig. 6.

The o
a

Clockwise Counter Clockwise

Propeller Propeller

Fig. 5. Propeller turning direction

When connected via MAVIink, a test can be performed
by clicking on the green button shown above and the
corresponding motor will run for five seconds. Before
carrying out the test make sure that the propeller is not
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attached to the motor, if there is no motor turning, increase
the throttle to 10% and try again. If it doesn't work, increase

it to 15%.
A~ FLIGHT PLAN | INTIAL SETUP  CONFIGTUNING HELP
£ ©
® & £ 5
Install Firmware =
Wizard
>> Mandatory Hardware
>> Optional Hardware
3DR Radio
Battery Monitor
Compass[Motor Calib
Sonar
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Optical Flow
osD
Camera Gimbal
Antenna tracker
Motor Test
Fig. 6. Motor Test
2) ESC Test

Most ESCs need to be calibrated so that the hardware can
know the minimum and maximum PWM values that will be
sent by flight control [14]. The thing that needs to be done
before calibration is a safety check, where before taking
action we need to make sure that the vehicle is not attached
to the propeller and the flight control is not connected to the
computer/laptop via USB and is not connected to the battery.

3) Tuning PID in Mission Planner

3DR IRIS works on various frameware. In this study
working on copter hexa frameware [15]-[17]. To get optimal
performance we may need to adjust the Mission Planner's
Config/Tuning Copter Pids screen. Screenshot Fig. 7 shows
the most important parameters for Roll/Pitch (yellow), Yaw
(orange), Altitude hold (green), Loiter (pink) and Waypoint
navigation (blue).

=

Fig. 7. Config/Tuning menu

In this study, data was collected which will later be used
as comparison reference data in the PID adjustment process
from the readable sensor itself. Data were collected from PID
tunning from wind speeds of 5-15 m/s. The data collection
process was carried out in sunny weather conditions. The
value observed here is the ADC value of each change in wind
speed with the PID tuning value. Relationship between wind
speed and output voltagecan be seen in Table 1. The tools
used in the research can be seen in Fig. 8, Fig. 9, Fig. 10.

As information obtained from the datasheet that the
relationship between wind speed and output voltage is

directly proportional, so the higher the wind speed, the higher
the voltage read with changes in wind speed for each increase
or decrease of 0.16-0.17 Volts. This has been proven through
a graph plotter from the anemometer sensor readings in Fig.
11, Fig. 12, and Fig. 13.

Fig. 9. Wind speed sensor

Fig. 10. Wind speed reading on LCD display, Tegangan (Voltage)

Table 1. Relationship between wind speed and output voltage
Wind Speed  Voltage Wind Speed  Voltage

(m/s) V) (m/s) V)
1 0.17 16 2.67
2 0.33 17 2.83
3 0.5 18 3
4 0.67 19 3.17
5 0.83 20 3.33
6 1 21 3.6
7 117 22 3.67
8 1.33 23 3.83
9 15 24 4
10 1.67 25 417
11 1.83 26 4.33
12 2 27 45
13 2.17 28 4.67
14 2.33 29 4.83
15 25 30 5
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Fig. 11. The relationship between wind speed and output voltage wind
speed 1-5 m/s
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Fig. 12. The relationship between wind speed and output voltage wind
speed 6-10 m/s

Vout data is obtained by measuring the measured sensor
ADC value with the following equation:

1)

Vout = SensorValue x 1023

where (1) will be used for all wind speed extraction.

After knowing the value of the sensor and the condition
of the sensor, then data is taken for later determination of the
program in the PID adjustment process based on wind speed.

Data retrieval by manually flying the drone is then carried
out PID tuning based on the wind speed that is read at the
same time then the value of each sensor will be observed by
comparing it to the PID tuning which is then observed and
found the character of each PID change based on wind speed.
The results of taking these values are presented and then used
as a reference during the programming process and form the
output [18].
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Fig. 13. The relationship between wind speed and output voltage wind
speed 11-15 m/s

B. Extraction Wind Speed 1-5 m/s

After taking ten PID tuning data at wind speeds of 1-5
m/s, then using the average equation formula, the ideal PID
tuning results are presented in Table 2.

From the results of observations and testing of the average
PID of each extraction wind speed of 1-5 m/s, the degrees of
pitch and roll are obtained in Table 3 and Fig. 14.

Table 2. Average extraction wind speed 1-5m/s

Average
Proll 0.1453
Iroll 0.0892
Droll 0.004
Ppitch 0.144
Ipitch 0.09
Dpitch 0.004
Pyaw 0.184
Iyaw 0.0184
Dyaw 0.00309

Table 3. Degree of pitch and roll at wind speed 1-5 m/s

ROLL PITCH
(Degree)  (Degree)

0.71 -0.52
0.41 -2.43
0.69 -3.25
0.26 -2.77
-0.61 0.73
-0.12 -1.39
0.54 -3.91
-0.37 -2.27
1.46 -1.85
-1.01 -1.53

5,30
5,30 -0,61
0,73 18696 [

Fig. 14. Degrees of pitch and roll at wind speeds of 1-5 m/s

C. Extraction Wind Speed 6-10 m/s

After taking ten PID tuning data at wind speeds of 6-10
m/s then using the average equation formula, the ideal PID
tuning results are presented in Table 4.

From the results of observations and testing the average
PID of each extraction wind speed 6-10 m/s obtained degrees
of pitch and roll in Table 5 and Fig. 15.

Table 4. Average extraction of wind speed 6-10 m/s

Average

Proll 0.148
Iroll 0.0905
Droll 0.004
Ppitch  0.1444
Ipitch 0.09
Dpitch  0.004
Pyaw 0.1867
Iyaw 0.0181
Dyaw 0.0037

3,62 14,82

3,52 -0,78

0,68 102,01

Fig. 15. Degrees of pitch and roll at wind speeds of 6-10 m/s
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Table 5. Degree of pitch and roll at wind speed 6-10 m/s
ROLL PITCH
(Degree)  (Degree)
-0.78 0.68
0.42 2.18
0.24 2.76
6.04 351
1.68 0.55
3.16 -1.2
3.53 3.84
1.45 1.53
29 2.67
1.25 2.07

D. Extraction Wind Speed 11-15 m/s

After taking ten PID tuning data at wind speeds of 11-15
m/s then using the average equation formula, the ideal PID
tuning results are presented in Table 6.

From the results of observations and testing the average
PID of each extraction wind speed 11-15 m/s obtained
degrees of pitch and roll in Table 7 and Fig. 16.

Table 6. Average extraction wind speed 11-15 m/s
Average
Proll 0.1494
Iroll 0.09
Droll 0.004
Ppitch 0.1457
Ipitch 0.0902
Dpitch 0.004
Pyaw 0.1894
lyaw 0.018
Dyaw 0.0037
Table 7. Degree of pitch and roll at wind speed 11-15 m/s
ROLL PITCH
(Degree)  (Degree)
0.3 -1.65
121 -8.08
0.12 -6.03
4.47 -0.77
0.52 -3.13
3.45 -1.63
-0.47 -5.77
3.07 -3.65
-1.76 -1.61
4.62 -4.47

4,67 14,64 |z
4,67 0,30

-1 ,65 178,34 |=*

Fig. 16. Degree of pitch and roll at wind speed 11-15 m/s

IV. CONCLUSIONS

After conducting research and discussion, it has
succeeded in building a PID Control Tuning system based on
the Wind Speed Sensor. The test results of the JL-FS2
anemometer sensor for wind speed show an increase in the
output voltage of 0.16 — 0.17 Volt, a change in wind speed of
1 m/s occurs [19]-[20].

In experiments with anemometer readings of 1-5 m/s, the
ideal tuning results were obtained with each parameter Proll
=0.1453, Iroll =0.0892, Droll = 0.004, Ppitch = 0.144, Ipitch
= 0.09, Dpitch = 0.004, Pyaw = 0.184, lyaw = 0.0184, Dyaw
= 0.00309. While in the experiment with anemometer
readings of 6-10 m/s, the ideal tuning results were obtained
with each parameter Proll = 0.148, Iroll = 0.0905, Droll =
0.004, Ppitch = 0.1444, Ipitch = 0.09, Dpitch = 0.004, Pyaw
= 0.1867, lyaw = 0.0181, Dyaw = 0.0037. And experiments
with anemometer readings of 11-15 m/s obtained ideal tuning
results with each parameter Proll = 0.1494, Iroll = 0.09, Droll
= 0.004, Ppitch = 0.1457, Ipitch = 0.0902, Dpitch = 0.004,
Pyaw = 0.1894, lyaw = 0.018, Dyaw = 0.0037.

From the information in the average tuning table and the
pitch and roll degrees of each wind speed extraction, it was
observed that the vehicle was stable because the tilt angle
formed during this tuning average was applied, there was no
slope that exceeded +5° which was considered to be
dangerous in carrying out a mission because it could cause
crashes.
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