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Abstract. We present a novel test system for pre-flight control and test of Vertical Take-
Off and Landing (VTOL) drones. This system includes a test platform consisting of nested
circles in three different dimensions, a graphical user interface, and wireless communication
modules. Thanks to this proposed test platform, basic axis tests (yaw, pitch, roll, elevation)
can be done before the flight of a VTOL multi rotor drone, thus the problem or crash will
be obstructed in the flight of a VTOL multi rotor drone. In addition to this test platform, we
present a graphical user interface (GUI) for sending the test commands and receiving values
from all sensors on the VTOL multi rotor drone board. The graphical analysis of all data,
such as motor rpm value, velocity, angular value, etc., can be observed by the proposed test
GUI Also, the desired flight control parameters can be sent via a graphical interface to the
VTOL multi rotor drone’s board on the test platform. The wireless communication modules
have been used between the VTOL multi rotor drone board and the computer consisting of
the test GUL. In this study, the test system designed for VTOL multi rotor drone is given in
detail. To show the performance of the UAV test system, some pre-flight tests are represented
for the VTOL multi rotor drones with six rotors.
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1. Introduction

There has been remarkable progress in research about unmanned aerial vehicles (UAV) dur-
ing the last 20 years. UAVs have gotten a big potential for military and civilian applications
where human intervention is risky, expensive, or impossible. These UAVs are mostly used in
many areas such as traffic monitoring [1, 2], border control [3], border surveillance [4], moni-
toring harvesting [5, 6], search and rescue [7], and support during forest fires [8]. There are two
different UAV designs: fixed wing and rotary-wing known as drone. Both of them have some
advantages and disadvantages according to each other [9, 10].

The UAV has more advantages than the fixed wing UAV while performing inspection and
surveillance tasks. A drone or rotary wing UAV is capable of VTOL (vertical takeoff and landing)
and it has the potential to fly where the fixed wing UAVs do not fly, due to its high maneuver
capability. The VTOL multi-rotor drone can fly in restricted and tight spaces, take off vertically
and, most importantly, hover; it can also have complex control structures according to flight
missions.

Due to poorly tuned parameters of the flight controller in the VTOL multi rotor drones, it
may induce failure or crash during the flights. Therefore, these control parameters need to be
tuned well before the flight missions. The simulations give the results different from real-time
experiments of UAVs, so a range of control parameters obtained by simulation is adjusted by the
test bench. To avoid a UAV flight crash or failure, some tests must be done before the flight.
Suitable control parameters need to be set for a stable flight. [10-11].

In recent years, various test platforms have been presented in the literature to adjust the
control parameters of VTOL multi rotor drones. Some of these are shown in Fig. 1. In the study
presented by mrl and his friends, a variable DOF flight control system was designed as shown
in Fig. 1 (a) for a quadrotor. This test structure is set to be lockable by some of the connection
parts, such as universal joints and roller bearings. The proposed system was tested separately for
roll, pitch, yaw, and elevation motions [12].

The proposed test platform has limitations in rotation around the X, y, and z axes and in
elevation movements along the z axis. As seen in Fig. 1 (b), Grzonka et al. realized one axis
control tests for a quadrotor [13]. This simple device allows only one axis of the quadrotor to
be monitored using the IMU. In the study of Azfar et al. [14], the parameters of a classical PID
controller are set on a single axis-based test bench platform (Fig. 1 (c)). This test platform was
used for independent adjustment of PID values in a limited range in one direction for a quadrotor
UAV mounted on it. In the work presented by Baran ef al., a test platform (Fig. 1 (d)) was
proposed for flight control of unmanned helicopter [15]. Abdelhamid Tayebi ef al. designed an
experimental setup including a stationary ball joint base (Fig. 1 (e)) to test the attitude controller
[16]. This base provides unlimited yaw and around 430° of pitch and roll motions. In Fig. 1
(f), Hanford et al. used a test platform known as Whiteman training stand for flight test of a
rotary-wing unmanned air vehicle with four rotors [17].

The quadrotor can be rotated around its yaw, pitch, and roll axes and moved vertically by this
test platform. The test stand was modified to allow a quadrotor UAV to rotate around its pitch
and roll axes. In [18], an experimental test bench for small helicopters which is able to hold
the helicopter, allowing the helicopter to perform hovering and altitude flight, was presented as
shown in Fig. 1 (g). Alexis et al. proposed the safe flight test stand (Fig. 1 (h)) to modify the
attitude freely while keeping the position of UAV [19]. UAV was attached to a slightly modified
Heli-Safe flight test stand. In Fig. 1 (i), Albayrak and Arsoy presented the controller design
with an artificial neural network for VTOL drone with four motors. For testing the performance
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of their proposed controller, a test stand was designed [20]. This test stand has gotten a similar
design to the design in Fig. 1 (a) and Fig. 1 (e).

Fig. 1. Different test platforms for VTOL multi rotor drones.



Test Platform and Graphical User Interface Design for Vertical Take-Off and Landing 353

The different test platforms presented in Fig. 1 are designed for different purposes and dif-
ferent types of UAVs. There is a significant shortcoming in these test platforms. During flight
tests, VTOL multi rotor drones may not move freely along the axis due to the limit ranges of test
platforms. For that reason, the tests done by these test platforms don’t reflect the flight of UAVs
completely.

It is very important in a VTOL multi rotor drone test that all flight scenarios are performed
without any constraints from the test platform. In this paper, a novel test platform created from
nested circles in three different dimensions is presented. This test platform has some key ad-
vantages. First is the fact that this test platform is suitable for VTOL multi rotor drones with
a different number of rotors. The second advantage is that the fundamental tests can be done
safely for the control parameters adjusted by the proposed GUI. The third is the fact that sim-
ply all sensor data of the VTOL multi rotor drone can be monitored in real-time via wireless
communication. The last but the most important advantage is that this test platform has no mo-
tion limitation along all axes without elevation motion in comparison with the other existing test
platforms.

The paper is organized as follows. The VTOL multi rotor drone is presented briefly in Sec-
tion 2. Section 3 includes the test platform design for VTOL multi rotor drones in detail. The
graphical user interface for monitoring the test data taken from the UAV on the test platform
and sending commands to it is given in Section 4. The experimental results obtained by this test
system are discussed in Section 5 for the VTOL multi rotor drones with six rotors. Finally, the
paper is concluded in Section 6.

2. Vertical Take-Off and Landing (VTOL) Multi Rotor Drones

This section consists of the basic working concept of the rotary-wing unmanned aerial vehi-
cle (UAV). Rotary wing UAVs have gotten different types according to the number of rotors and
frame design. In Fig. 2, different types of VTOL multi rotor drones are shown.

Quad1 or QuadX has four motors that are placed in a cross or a plus frame. The motion of
the VTOL multi rotor drone with four rotors is controlled by changing the velocity of rotation
of each motor. To hover and fly this type of VTOL multi rotor drone, while the two reciprocal
rotors rotate in a counterclockwise direction, the other two reciprocal rotors rotate in a clockwise
direction.

All axis motions of the VTOL multi rotor drone with four rotors (Quadl) are shown in Fig.3.
To control the roll and pitch movement of Quad1l or QuadX, the relative speed of the reciprocal
rotors is varied [10, 17]. The yaw motion of the VTOL multi rotor drone with four rotors is real-
ized by changing the relative speed of the rotors with respect to clockwise and counterclockwise.
The ascent movement of VTOL multi rotor drone is realized by increasing the speed of all the
rotors together. The other VTOL multi rotor drone designs, such as hexacopter, octocopter, etc.,
work same way. The VTOL multi rotor drone system’s hardware consists of the flight board,
IMU (Inertial Measurement Unit) sensors, Electronic Speed Controllers (ESCs), brushless DC
motors, batteries, propellers, RC transmitter/receiver, etc.
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Fig. 2. Different types of VTOL multi rotor drones [21].

PI and PID controllers are widely used in the majority of industrial applications worldwide
today, due to their simple and effective control [23]. In addition to this classical method, there
are studies in the literature on different control approaches such as fuzzy controllers [23], sliding
mode controllers [26], and hybrid controllers (PI-fuzzy, heuristic-based fuzzy controllers) [24,
25]. These control approaches are used in many different areas, from speed control of a DC
motor [27] to power control in wireless sensor networks [28]. In the control of VTOL multi rotor
drones, PI and PID controllers are preferred because of their simple and effective controls, as
well as their ease of use in embedded systems.

For a stable flight of VTOL multi rotor drones, double PID controllers per axis (pitch, yaw,
and roll) have been used in its software. This control structure is shown in Fig. 4. The first
controller produces the desired rotational rate to hold stable at the desired angle. The motor
torques are adjusted by the second controller. This controller’s inputs are the desired rotational
rate produced by the first controllers and the rotational rate from the gyro sensor [22]. The
fundamental motion tests have to be realized before the flight to adjust the most suitable PID
parameters. Thanks to the test platform proposed in this study, all pre-flight tests of VTOL
multi-rotor drones can be done.

3. Test Platform Design for Rotary-Wing UAVs

The test platform is inspired by the gyroscope and it is composed of three circles, pulleys, the
balance weight, and a strain prevention system as shown in Fig 5. The main purpose of this test
platform is to enable the testing of VTOL multi rotor drones in different types and sizes in the
X, y, and z axes without any angular restrictions. In the test platform design, first of all, VTOL
multi rotor drone tests and existing test setups were examined. Unlike the other test platforms
presented in the literature, the VTOL multi rotor drone placed on this test platform can move
easily at all axis. In the second step, the dimensions of the test platform were determined and the
drawings were made in the computer environment. In the third step, the test platform prototype
was created and different trials were realized. Later, due to the problem in altitude test, pulley
system and balance weights were added to the design.
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Fig. 3. Rotary wing UAV with four rotors (Quadl) axis movements [11].
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Fig. 4. PID control structure per axis for VTOL multi rotor drone.
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As can be seen from this figure, the VTOL multi rotor drone on the test platform is simply
able to move on every axis because of the fact that these three-circles mounted into each other.
For testing the altitude motion, the balance weight is connected to these circles with the steel
rope and four pulleys as given in Fig. 5, thus it is eliminated the extra weight of the circles on
the test platform. The pre-flight tests, such as yaw, pitch, roll and altitude motions are realized
by this proposed platform for the VTOL multi rotor drones. However, unlike the other three-axis
motion tests, there is a restriction in the UAV motion in the altitude test. In the altitude test, the
UAV on the platform can move 60 cm at most.

In Fig. 6, the proposed test platform draft was drawn by Solid Works, and the dimensions
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Strain prevention system

Fig. 5. The proposed test platform system for VTOL multi rotor drone.

of the test mechanism are shown. For the pre-flight tests, first, the VTOL multi rotor drone is
placed tightly at the center of the test mechanism. Then the desired tests can be done by this
test platform; thus, the control parameters can be adjusted easily without real flight outside. The
realized test platform is presented in Fig. 7. The main parts of this platform are shown in this
figure.

Fig. 6. (a) Test mechanism draft by Solid Works and (b) its dimensions.
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Fig. 7. The realized test platform and its main parts.

4. Graphical User Interface (GUI) for Pre-Flight Tests

A GUI has been designed to view the data received from the sensors of the VTOL multi rotor
drone on the test platform and to initiate test commands from the computer. GUI design consists
of two phases: back-end and front-end. In the front-end, there are buttons, combo boxes, and an
information panel. In the back-end part, there are codes for wireless connection with the UAV
board, receiving data from the sensors on the board, editing and visualizing the data. To obtain
the data of the sensors from the microcontroller board on the VTOL multi rotor drone and to
send test commands, to edit control parameters of the VTOL multi rotor drone, a graphical user
interface has been built by the Matlab framework. Thanks to this interface, the data taken from
all sensors can be seen on the graphical windows. Also, all desired control parameters can be
sent to the VTOL multi rotor drone’s flight board on the test platform via wireless transmission.
From the menu on the graphical interface, the desired pre-flight tests can be selected easily,
then obtained test results are shown in the figures, such as pitch, yaw, and roll angle changes
during tests. By the test platform, fundamental pre-flight tests are realized for the different types
of VTOL multi rotor drones and the test results are observed or analyzed in real-time on the
designed graphical user interface.

In this study, sensor data, motor speed values, and flight board information have been taken
by wireless transmission, then this information has been processed by the designed graphical in-
terface and this processed data is shown graphically according to the user’s request. The startup
screen of the designed graphical interface is presented in Fig. 8. Related port connection infor-
mation is selected from the “Port Number” and “Baud Rate” section under the heading of Con-
nection Options on the upper left corner of this screen then the connection between the VTOL
multi rotor drone. When pressing the “Connect” button after the selection of the related port in-
formation, if the selected port information is right, the connection will be successful. Otherwise,
the connection is failed. In Fig. 8, the main screen of the graphical interface is presented after a



358 H. Ucgun et al.

successful connection.
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Fig. 8. The main screen of test graphical interface [11].

On the left side of the main screen, there are two sections whose names are “Graphical
Options” and “Data Update Options”. In the middle of the main screen, there is a drawing
section for presenting the graphics. Information on the UAV’s controller board and the states
of the sensors (gyroscope, magnetometer, accelerometer, barometer, etc.) are located on the
right side of the main screen. In the combo box section, whose name is Graphical Options,
some options can be selected such as reading sensor information, the motor speed values, and
the remote controller signal. To receive the desired information from the flight controller board,
some characters are sent to the board and the requested acknowledgment information is taken
from this board. The requested graphics are shown on the plot screen of the proposed GUI. In
this section, all sensor data, barometers and range finder graphic, motor speed graphic, remote
controller data, gyro graphic, accelerometer graphic, and magnetometer graphic options can be
chosen.

In Fig. 9, the combo box section, which is used for reading and updating the PID coefficient
values, range finder values, camera stabilization values, and battery monitor values from the
flight controller board, is shown. The fundamental tests can be performed in this section. For
taking the information from the flight controller board, first, a character is sent to this board via
serial communication, and the requested information is taken from this board.
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Fig. 9. Data Update Options Section on the designed GUI [11].
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5. Experimental Results

In this section, a VTOL drone with six motors from the Department of Computer Engineer-
ing at Bilecik Seyh Edebali University has been used to evaluate the performance of the proposed
test mechanism. This VTOL multi rotor drone has the open source AeroQuad 32 V2 Flight Con-
trol Board including STM32F405VGT6 CPU with 168MHz Cortex M4 32 bit core, IMB flash
ROM, 192KB RAM. AeroQuad board has 6 analog inputs and 20 PWM outputs. The sensors on
this board are MS5611-01BA03 barometer, MPU6000 gyro/accelerometer, and HMC5983-TR
magnetometer. Data and system parameters from these sensors are recorded at 40 Hz. At the
same time, the necessary data is saved in the computer environment with the wireless commu-
nication module and transferred to the GUI. The reason we prefer this flight board is that it is
open source. Therefore, the data collection process is solved in a simpler way compared to flight
boards with closed software. Fig. 10 shows the hardware block diagram of open-source Aero-
Quad board. In this study, Hitec Aurora 9 channel radio transmitter/receiver was used. Other
materials connected to the AeroQuad board used in this study are 10x4.5 APC propellers, 18
Amp ESCs and 750KV motors.

BAROMETER

RECEIVER

2.4 GHz

Fig. 10. The block diagram of AeroQuad with six motors.

The AeroQuad board works with onboard PID controllers that use the onboard sensors to
keep the VTOL drone stable during flight. The AeroQuad includes the PID software which is a
modified version of the Bare Bones (PID) Coffee Controller. The PID controllers in AeroQuad
do not normalize the inputs and have a standard reset-windup mitigation code.

There are nine PID controllers to decrease error for pitch, roll, yaw, and altitude using inputs
from the sensors on the AeroQuad board. These controllers are Roll PID, Pitch PID, Yaw PID,
Altitude PID, Heading PID, Level Roll PID, Level Pitch PID, Level Gyro Roll PID, and Level
Gyro Pitch PID, respectively. The default values of 27 control parameters, three for each PID
controller (Kp, Ki, and Kd), are stored on the AeroQuad board’s EEPROM. However, these
default values vary according to different hardware materials such as frame sizes, motor features,
and propeller sizes. In short, the default PID values are generally useless for a good flight at the
beginning; it must be fine-tuned before the flight. Here, the test platform proposed in this study
comes into play. We initially got the default PID values on the AeroQuad, then we experimented
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with the pitch and roll PID values. Test results for the best PID values obtained are presented in
this study for three different set signals. The hardware tools used in the test platform are shown
in Fig. 11.
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Fig. 11. The hardware tools used in test platform.

Fig. 12 shows a photo taken at the time of reading sensors’ values of the VTOL multi rotor
drone by the proposed test system. For data transfer between the computer that includes the
test GUI and the test platform two Xbee wireless communication modules have been used in
this work. Thanks to the proposed test platform and GUI, all the sensor data of VTOL multi
rotor drones can be easily received via wireless communication. Fig. 13 presents three-axis data
taken from the gyroscope and accelerometer. The roll angle test result obtained using the PID
controllers including the unsettled control parameters that are reset, is presented in Fig 14.
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Fig. 12. The VTOL multi rotor drone’s pre-flight tests at Computer Engineering Laboratory.
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Fig. 13. GUI data taken from the gyroscope and accelerometer.

The VTOL multi rotor drone has two modes: RC and test modes. In RC mode, the drone
onto the test platform can be controlled by a RC receiver/transmitter. Test mode consists of roll
and pitch tests. Each test has fixed set angle, fixed two-level set angle, and sinusoidal set angle
cases. In the test mode, the default PID coefficients on the AeroQuad board were used first.
However, these coefficients need to be adjusted, as can be seen from the experiment performed
in RC mode for the roll angle in Fig. 14. Cohen-Coon method, Yuwana-Seborg method, Ziegler-
Nichols method and trial-error method are available in the literature for setting PID parameters.
Since we started with the predetermined PID coefficients in AeroQuad, we adjusted the PID
parameters by trial and error on the test platform.
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Fig. 14. The results of the roll angle test for VTOL multi rotor drone with unsettled control
parameters (red line: measured roll angle, blue line: remote control signal).

In this study, Roll PID and Pitch PID values from a total of 9 PID controllers in AeroQuad
were changed from their default values and adjusted slowly. Here, first the Kp coefficient, then
the Kd and Ki coefficients are adjusted. The control structure of the VTOL drone is shown
in Fig. 15. In this closed-loop model, I;4:, Ijon, l4ir, Iver represent the pilot commands;
Loit, Tete, Irud, Iine stand for the axis commands. The VTOL multi rotor drone response con-
sists of linear accelerations (a,, ay, a.), Euler angles (6, ¢, 1), and angular rates (p, ¢, r).
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Fig. 15. The control block diagram of VTOL multi rotor drone.

All necessary data in the control model is obtained by the Inertial Measurement Unit (IMU)
on the AeroQuad board. In this study, the pitch and roll tests of the VTOL drone are considered.
In this study, pitch and roll tests are discussed. According to the test option selected over the
GUI, the necessary set signal values are sent to the VTOL drone mounted on the test platform
with the wireless communication module, and the angular information of the vehicle is displayed
on the GUI by processing the data received from the IMU during the test period. Roll and Pitch
PID values are wirelessly set to the AeruQuad board by entering the desired values via the GUI
before the test. The pseudo code of the test software is given below:

Case Initialize Option of
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condition 1 : initialize in RC mode
condition 2 : initialize in Test mode
End Case
If (initial thrust command thrust command)
Case Test Number of
condition 1 : run pitch test for fixed angle case
condition 2 : run pitch test for fixed two-level angle case
condition 3 : run pitch test for sinusoidal angle case
condition 4 : run roll test for fixed angle case
condition 5 : run roll test for fixed two-level angle case
condition 6 : run roll test for sinusoidal angle case
End Case
Elself
Stop the UAV Test
End If
To show the performance of the test system developed for the VTOL multi rotor drones, two
basic pre-flight tests are discussed such as pitch and roll angle tests. For all test works, three set
angle signals, x(t) have been used as given below:

x1 () =20 [u () — u(t — 100)] (1)
2 () = 20.u () — 40u (t — 50) + 20u ( — 100) 2)
x3 (t) = 30.sin(27t/100) 3)

The first signal is a constant amplitude signal; the second signal consists of two levels with
20 and —20. The last test signal is a sinusoidal signal whose amplitude is 30 and its period is 100.
The total test time for each test signal has been determined as 100 seconds. The experimental
setup consists of the VTOL multi rotor drone on the test mechanism, wireless XBee modules and
a personal computer, and all of them are shown in Fig. 16.
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Fig. 16. Experimental setup for VTOL multi rotor drone’s pre-flight tests.

5.1. Pitch Angle Tests

The pitch angle tests have been realized for the different parameters of PID controller. The
VTOL multi rotor drone has been set tightly in the center of the test platform during the pitch
tests. In Fig. 17, the results of the pitch angle test for a VTOL drone with six motors, and an
image from this test run are shown. The results obtained here are obtained for a proportional gain
coefficient of 5.5, a derivative gain coefficient of 1.5, and an integral gain coefficient of 0.5 for
the pitch PID controller.
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Fig. 17. The results of the pitch angle test for VTOL multi rotor drone with six rotors.
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As can be understood from these test results, it is shown that the measured pitch angle values
follow the set angle signal and the squared error is decreased by PID controller for predetermined
control parameter. The pitch angle values are obtained from the kinematic angle values calculated
by the sensors data on the VTOL multi rotor drone. The second set signal consists of 20 degrees
in the time range of [0 50] and -20 degree in the time range of [51 100]. The response of the
VTOL multi rotor drone includes an excessive overshoot and oscillation for the second interval.
By adjusting the parameters of the pitch PID controller using the proposed test GUI, this response
has little steady error and overshoots. The last set angle is a sinusoidal signal. The results show
that the response of the VTOL multi rotor drone follows the sinusoidal test signal successfully.

5.2. Roll Angle Tests

In the roll angle tests, the VTOL drone with six motors has been used for the different
parameters of PID controller. Fig. 18 shows the results of the roll angle test for a VTOL multi
rotor drone with six rotors. Also, a photo from this test run is presented in the same figure. Roll
PID values were used as in the previous test (Kp=5.5, Kd=1.5, and Ki=0.5).

The roll angle test results show that the VTOL drone with six motors tries to follow the set
signals for the predetermined roll PID control parameters by test GUIL Looking at the results in
detail, it can be seen that the target roll angle of 20 for the first set signal settles with a decreasing
oscillation. In the second two-stage set signal, it is seen that when the set value decreases from
20 to -20, it misses the set value at first, but then the system settles to the new set value in a
short time. It is understood that the drone roll angle successfully follows the set signal for the
sinusoidal signal with a frequency of 10e-2 Hz, which is the last test signal. In short, as a result,
for the all-set signals, the developed test system has been used successfully in the roll movement
tests.
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Fig. 18. The results of the roll angle test for VTOL multi rotor drone with six rotors.



366 H. Ucgun et al.

6. Conclusions

In this study, a new test platform system has been proposed for the different VTOL multi
rotor drones. This test mechanism, which is inspired by the gyroscope movement, consists of
the three different sized circles that lie one inside the other, steel rope, pulleys, balance weight,
and a strain prevention system. Thanks to the proposed test platform, the some axis tests, such
as pitch, yaw, roll, and altitude, can be done before the flight of VTOL multi rotor drone. The
most vital advantage of this developed test mechanism is that it has no motion restriction along
all axes without altitude motion in comparison with the other existing test mechanisms. This test
platform is suitable for preflight tests of the VTOL multi rotor drones and all tests can be done
safely for the adjusted control parameters.

In the scope of this work, a test graphical user interface has been built to acquire the data
of the sensors from the microcontroller board on the VTOL multi rotor drone and to send test
commands, to edit control parameters of the VTOL multi rotor drone. By this proposed GUI,
axis motion tests, such as altitude, yaw, pitch, and roll, the sensor data, the angle values of all
axes, the position information of the VTOL multi rotor drone on the test platform are shown on
the screen.

During the test process, all data has been received and sent by XBee wireless modules which
are connected between VTOL multi rotor drone and the user computer. With the help of GUI,
the data taken from VTOL multi rotor drone can be sent to VTOL multi rotor drone again after
updating. The other advantage of this test system is the fact that all sensor data of the VTOL
multi rotor drone can be monitored via wireless communication in real time. The experimental
results show that the responses of the VTOL multi rotor drones with six rotors follow the three
different set signals with steady state error and a small overshoot.
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