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 ABSTRACT 

Although drone users have received the necessary training, the reflexes of 

making decisions against a sudden natural event such as wind and avoiding a 

nearby obstacle may not be sufficient. Therefore, whether drones fly 

autonomously or under user control, they must sense and act accordingly for 

an uninterrupted mission. In this study, a drone design and application for 

obstacle detection and obstacle avoidance were carried out. In the designed 

drone, Pixhawk was used as the flight control board, ultrasonic sensors were 

used to detect obstacles, and Arduino Uno was used as a microcontroller to 

obtain avoidance commands. The sensors used in obstacle detection and their 

performance are the most decisive factors in achieving the targeted goal. 

Because obstacle detection sensors are affected by electrical noises, the success 

of detecting obstacles decreases. For this reason, first of all, the integration of 

these sensors into the system was investigated and the drone was developed 

accordingly. Then, an algorithm was developed using a software filtering 

method both to minimize communication instabilities and to increase the 

clarity of detection. Finally, the ability to evade obstacles both while the drone 

is suspended in the air and while it is in motion has been investigated. In the 

experiments carried out, it was found that the drone was able to successfully 

avoid obstacles up to a flight speed of 3.94 m/s. 
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1. Introduction 

Drones are used in many different fields. For example, security, health, search and rescue, cinema, agriculture, 

sports, marketing, and cargo transportation are just a few of them. However, no matter which of these they are 

used in, the common problem with drones is that the drone accidentally crashes into an obstacle and breaks. This 

means that both the current task is not fulfilled and when the sales prices of the drones are taken into account, 

undesirable consequences for the task and the user. 

Although drone users have received the necessary training, their speed in making decisions against a natural event 

that may occur suddenly, such as wind, and avoiding an obstacle nearby may not be enough. Therefore, whether 

drones are flying autonomously or under user control, they must detect obstacles around them and act accordingly 

for a seamless mission. 

There are currently commercially produced drones that can avoid obstacles. For example, DJI Mavic Air 2 is one 

of them. This mini drone, which has a total of 6 sensors, two at the bottom, front, and rear, has problems not 

working in low or high light. Again, due to the lack of an obstacle-detecting sensor on the sides, there is a 

possibility of hitting an obstacle on side flights. 

Increasing its importance and usage area every passing day has also increased the number of studies conducted on 

drones. Some of the studies conducted on drones, their components, and obstacle avoidance in Turkey and the 

world are summarized below. 

Design and implementation of a radio frequency jammer to block the flight of drones [1], control of brushless 

motors used in drones [2], object tracking in drones, [3], Investigation of the effects of vibrations originating from 

the engine and propeller on the inertial measurement units used in determining the direction and position of the 

drones [4], the use of LIDAR, LIDAR-Lite, and ultrasonic sensors in obstacle avoidance applications of unmanned 

surface vehicles [5], improving the measurement accuracy of ultrasonic sensors used in distance measurement [6], 

areas of use of drones and challenges encountered [7], the use of unmanned aerial vehicles and the difficulties 

encountered during use [8], investigation of balance point stability in drones [9], drone design with increased 

maneuverability and speed [10], precision landing application with image processing methods using Pixhawk, 

ArduPilot, Raspberry Pi, and a low-budget camera [11], directing the drone swarm to the target using different 

optimization algorithms [12], routing optimization for drones to be used in cargo transportation [13], use of drones 

in agricultural activities [14], creating the mathematical model of the quadcopter by obtaining the equations of 

motion and rotation according to Newton's laws [15], quadcopter design that can carry a fire-extinguishing ball 

[16], improving battery performance in drones [17], estimating the remaining flight time on drones [18, 19],  

creating a model for the battery [20], detecting the location of the drone in the face of mechanical failure and 

cyber-attack with an external system added to the drone's battery [21], development of an algorithm to reduce 

energy consumption in drones used in the commercial package works and performing autonomous flight [22], 

determination of battery capacity in lion batteries using artificial intelligence [23], recommendation of a system 

with adaptive speed and avoidance algorithm for drones [24], shortest path estimation for robot and unmanned 

aerial vehicles using artificial neural networks [25], automatic route determination and tracking in drones [26] are 

some of them.  

In terms of similarity to this study, three remarkable studies were encountered in the literature. 

In the first study presented in [27], a drone with a total weight of 1.4 kg with a payload was designed and it was 

stated that it could avoid obstacles. However, up to what speeds the drone can avoid obstacles and experimental 

studies conducted on this have not been shared. 

Another study is the one given in the source numbered [28]. In the study presented in [28], the effect of ultrasonic 

sensors on drone noise and related measurement errors could not be eliminated. 

The remarkable last study is the one given in [29]. In the study presented in [29], it was stated that the drone could 

only avoid obstacles at speeds below 3 m/s. The weight of the designed drone was also not mentioned at all. 

https://doi.org/10.55212/ijaa.1261912
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As can be seen, preventing drones from avoiding obstacles and breaking down due to user error or environmental 

factors is still an issue that needs improvement, both academically and commercially. The aim of this experimental 

study is to make an improvement that will prevent drones from crashing into an obstacle while flying at speeds 

above 3 m/s, regardless of the reason. 

2. Material and Method 

The sensors used and their performance are the most decisive factors in achieving the targeted goal. Because in 

academic research, it has been seen that obstacle detection sensors are affected by electrical noises, and as a result, 

the success of the study decreases. For this reason, these sensors and their integration into the system were 

researched as a priority and a suitable drone was designed accordingly. Then, software filtering methods were used 

and an algorithm was developed in order to both minimize communication instabilities and increase detection 

clarity. Finally, the drone's ability to avoid both while suspended in the air and motion was experimentally 

investigated. 

2.1 Hardware components of the drone used in the experimental study 

Components such as propellers that will enable the drone to take off, brushless dc motors, drivers that will control 

the speeds of these motors, battery systems, and frames have been examined and the most suitable and compatible 

ones of them have been investigated. As a result of this research, the following components were selected: 

• Pixhawk as the flight control board 

• Arduino Uno as a microcontroller 

• HC–SR04 ultrasonic sensors as obstacle detection sensors 

• S500 frame 

• 3300mAh LiPo battery 

• 2212/920 model brushless DC motor and 9450 propeller set produced by DJI Company 

• 40A electronic speed controller manufactured by Readytosky 

• XROCK brand Radio V5 telemetry system 

• FS-16X model remote control manufactured by Flysky Company 

• NEO-M8N GPS module 

2.2 Software components of the drone used in the experimental study 

2.2.1 MAVLink 

MAVLink is an abbreviation of Micro Air Vehicle Link and is a communication protocol. It has been developed 

to provide secure data exchange between the ground station and the aircraft. It is used to provide communication 

between Arduino, Raspberry Pi, and similar microcontrollers and aircraft.  Messages sent in encrypted form are 

received only by the flight controller. Messages such as flight mode changes are also sent by the ground station or 

microcontroller. According to these messages sent via the MAVLink protocol, the flight controller directs the 

drone. In this study, MAVLink communication was used to send the codes written for Arduino Uno to the flight 

controller and to exchange data between the flight controller and the controller. 

https://doi.org/10.55212/ijaa.1261912
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2.2.2 ArduPilot 

ArduPilot is an open-source software package and is widely used for controlling both ground and air vehicles. 

While performing autonomous movement, it evaluates information from flight control cards and external sensors, 

as can be seen in the architecture given in Figure 1. ArduPilot was preferred in this study because it was developed 

by the same platform as Pixhawk. 

 

 

Fig. 1. The basic structure of ArduPilot software architecture and sensor connections [30]. 

 

2.2.3 Mission Planner 

The program called Mission Planner is the most preferred control platform of ArduPilot software. In addition to 

many flight modes, very detailed flight records can also be accessed on this platform. Figure 2 shows the interface 

of the Mission Planner program. 

The reason for using Mission Planner in this study is to be able to examine the drone's speed and maneuvers by 

using the log records it provides so that it can clearly see to what extent and at what speed the drone can achieve 

obstacle avoidance. 

https://doi.org/10.55212/ijaa.1261912


IJAA 2023 

Volume 4, Issue 1 

Improvement of ultrasonic sensor-based obstacle avoidance system in 

drones 

 

 

 

13 
https://doi.org/10.55212/ijaa.1261912   

 

 

Fig. 2. The interface of the program called Mission Planner. 

2.3 The sensor used for the drone to detect the obstacle 

Many different sensors such as ultrasonic, infrared, and LIDAR (Light Detection and Ranging) are used in 

autonomous systems to detect obstacles. However, in this study, the HC-SR04 ultrasonic sensor was preferred due 

to its price/performance ratio and compatibility with Arduino Uno. 

As is known, ultrasonic sensors are sensing elements used to detect the presence and distance of an object based 

on the time that the sound waves they send are reflected from the object and come back. Using these sensors, it is 

possible to detect objects at a distance of a little more than 3 m [31]. 

The angle of the detection cone in ultrasonic sensors varies with distance, as seen in Figure 3. This angle must be 

small in order to detect objects at greater distances. 

 

 

Fig. 3. Variation of the sensing distance according to the sensing cone in ultrasonic sensors [32]. 
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The ability of the sensor to detect objects also depends on the size of the objects and their orientation to the sensor. 

For example, if the objects do not present a surface perpendicular to the sound signal sent by the sensor, the sound 

wave cannot return to the sensor. When the size of the object is too small, there will be no reflection at all. This 

situation is illustrated in Figure 4. 

 

Fig. 4. Situations where the ultrasonic sensor cannot detect. 

As can be seen in Figure 5, there are four pins on the HC-SR4 ultrasonic sensor, namely VCC, TRIG, ECHO, and 

GND. In order for the sensor to perform its function, a “Start pulse” of about 10µs is sent from the TRIG pin. The 

sensor generates a signal of 8 pulses at a frequency of 40 kHz and sends it to the transmitter component. The time 

difference between the moment this pulse is sent for 10μs and the time it reaches ECHO is used to calculate the 

distance. 

 

 

Fig. 5. Operation of the ultrasonic sensor. 

In the process of calculating the distance, it is used that the speed of ultrasonic sound waves under certain 

atmospheric conditions is known. The product of half of the sound wave's traveling time (t) and the propagation 

speed of the sound (V) gives the distance (X) information. This calculation is seen in Equation 1. 

𝑋 =
𝑡

2
∙ 𝑉 (1) 

https://doi.org/10.55212/ijaa.1261912
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Since the obstacle detection distance will be large, precision at the mm level is not required. However, since the 

detection of the obstacle is made by means of sound waves, both a suitable placement should be planned and 

software measures should be taken so that the drone propellers do not affect these waves. For this purpose, the 

sensors are placed at the bottom of the drone, which is expected to be least affected by noise, as can be seen in 

Figure 6. 

   

(a) (b) (c) 

Fig. 6. Layouts of ultrasonic sensors (a) Front view, (b) Side view, (c) View from a different angle 

The weight of the drone, which is completed by combining ultrasonic sensors and all other components, is 1232 

gr without battery and 1568 gr with battery. The view of the drone from two different angles is given in Figure 7. 

 

Fig. 7. View of the designed drone from two different angles 

2.4 Connection diagram between ultrasonic sensors, Arduino Uno, and Pixhawk 

The connections of the Arduino Uno with the ultrasonic sensors were made via digital pins 3, 4, 5, and 6. The 

TRIG and ECHO terminals of the ultrasonic sensor can be connected to the microcontroller separately. However, 

combining these terminals and connecting them from a single place eliminates the problem that there are no pins 

to connect on the microcontroller when the number of sensors is increased. For this reason, as can be seen in Figure 

8, the TRIG and ECHO terminals of all the ultrasonic sensors used were combined among themselves and 

connected to the microcontroller. Pins 10 and 11 of Arduino Uno were used for serial communication with 

Pixhawk and were connected to each other via the MAVLink protocol. 

https://doi.org/10.55212/ijaa.1261912


IJAA 2023 

Volume 4, Issue 1 

Improvement of ultrasonic sensor-based obstacle avoidance system in 

drones 

 

 

 

16 
https://doi.org/10.55212/ijaa.1261912   

 

 

Fig. 8. Connection diagram between ultrasonic sensors, Arduino Uno, and Pixhawk. 

2.5 Communication diagram between hardware 

The Arduino Uno, which processes the information from the sensors, configures the flight controller according to 

the information obtained. If information is received from which sensor during this configuration process, the 

algorithm written specifically for that sensor is activated and the drone acts according to this algorithm. Therefore, 

in this process, the information coming from the controller is disabled. The remote control is connected to Pixhawk 

via MAVLink protocol. Arduino and Pixhawk are connected to each other via MAVLink protocol via I2C. The 

block diagram of this communication between the hardware is shown in Figure 9. 

 

Fig. 9. Block diagram of communication between hardware. 
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2.6 Algorithm 

When the drone detects an obstacle, it is necessary to be able to make the drone pitch and roll movements to enable 

it to escape from the obstacle. The flow diagram of the algorithm created for this purpose is given in Figure 10. 

 

Fig. 10. Obstacle detection and avoidance algorithm. 
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As can be understood from the algorithm, according to the information received from any sensor, the drone is 

forced to move in the opposite direction to the side where the obstacle is located for a certain period of time. At 

the end of the specified time, it continues its flight again autonomously or under control. 

As can be seen in Figure 10, a 4x4 matrix was first created in the written program. The first measurement values 

(a, b, c, d) taken from the sensors was transferred to the first column of this matrix as can be seen in Table 1. 

 

Table 1. First measurement (The first values measured by the sensors were transferred to the 1st column). 

Sensor Value Value Value Value 

Front a    

Right b    

Rear c    

Left d    

Each time the loop was entered, the values read in the previous loop were transferred to the next column, and the 

values taken in that measurement were placed in the first column. Therefore, at the end of the 4th measurement, a 

filled 4x4 matrix was obtained by taking 4 pieces of data from each sensor at cycle time intervals. This data shifting 

process and the content change of the variable in the matrix form will be understood more clearly when Table 2 - 

Table 4 is examined. 

Table 2. Second measurement (The first values measured by the sensors were transferred to column 2, new values were 

placed in column 1). 

Sensor Value Value Value Value 

Front e a   

Right f b   

Rear g c   

Left h d   

 

Table 3. Third measurement (The first values measured by the sensors were transferred to the 3rd column, the 2nd 

values to the 2nd column, the new values to the first column). 

Sensor Value Value Value Value 

Front i e a  

Right j f b  

Rear k g c  

Left l h d  

 

Table 4. Fourth measurement (The first values measured by the sensors were transferred to the 4th column, the second 

values to the 3rd, the third values the 2nd, and the new measurements were transferred to the first column). 

Sensor Value Value Value Value 

Front m i e a 

Right n j f b 

Rear p k g c 

Left r l h d 
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Then, the arithmetic average was calculated separately for all the sensors whose consecutive 4 data were different 

from zero. If there is zero value in the matrix (that is, no obstacle is detected), the arithmetic average of the sensor 

to which that row belongs is set to zero. In this way, it was determined whether the data coming from each sensor 

was a reflected or parasitic signal from the obstacle. Using these final average values, the distance of the nearest 

obstacle, and which side it is on were determined. Then, the finalized distance value was transferred to the 

subprograms that determine which of the pitch or roll movements the drone will perform. The commands obtained 

from here were sent to Pixhawk via the MAVLink communication protocol and accordingly, the user control was 

disabled for a certain period of time and the drone was allowed to maneuver according to the incoming information. 

The positive and negative angle pitch and roll movements mentioned in the algorithm are shown in Figure 11 and 

Figure 12, respectively. 

 
Fig. 11. Positive and negative pitch movement in the aircraft. 

 
Fig. 12. Positive and negative angle roll movement in the aircraft. 
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3. Experimental Study 

Experimental studies are presented in this section. Firstly, the sensors were disabled, flights were carried out with 

the basic flight modes and the most suitable flight mode was decided. Then, the placement of ultrasonic sensors, 

their integration into the system, and various flight tests were carried out in the specified flight modes. The tests 

were carried out by first fixing the drone to the ground and then flying it in different forms. Therefore, experimental 

studies will be examined gradually in order to provide a clearer understanding of the results obtained. 

3.1 Distance measurement tests while the drone is fixed to the ground 

After the drone was fixed to the ground, tests were carried out both while the propellers were not working and 

while operating at very high speeds. The purpose of these initial tests is to observe whether interference occurs 

during data exchange between ultrasonic sensors, Arduino, and Pixhawk. 

In this context, first, the drone was fixed to the ground, then numerous tests were carried out by placing objects at 

different distances on different sides of the drone. Tests were performed by placing obstacles on only the front, 

only the right, only the back, and only the left sides. Serial port screenshots of the data obtained from the tests 

were examined and it was examined whether the system works properly, whether the sensors could detect the 

distances of the obstacles correctly, and whether the interference was occurring. 

In this examination, tests were first carried out by placing an obstacle in front of the ultrasonic sensor located on 

the front of the drone. In the tests carried out, the distance values produced by the ultrasonic sensor located on the 

front of the drone when the motors are not working at a certain time interval are given in Figure 13. The expression 

“61, 0, 0, 0 cm” in Figure 13 refers to the distance values measured by the front, right, rear, and left sensors, 

respectively. When Figure 13 is examined, it will be seen that in the measurement of the distance in cm of the 

fixed obstacle at a distance of 62 cm, the measured distance is generally correct, but sometimes it is measured as 

61 cm and sometimes 63 cm with an acceptable error of ± 1.61%. It is understood from Figure 13 that no 

interference value is produced by the other 3 sensors that do not have obstacles in front of them. 

 
Fig. 13. Serial port screenshot of the data received from the front sensor in a certain time interval when the motors are not working. 
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In the next test, the distance values produced by the ultrasonic sensor located on the right side of the drone were 

examined at a certain time interval when the motors were not working. When the values obtained from these tests 

and given in Figure 14 were examined, it was found that the measured values were generally correct when 

measuring the distance of a fixed obstacle at a distance of 55 cm. However, it will be seen that sometimes the 

distance is measured as 56 cm with an acceptable error of 1.8%, and no interference value is produced/ detected 

by the other 3 sensors that do not have obstacles in front of them. 

 

Fig. 14. Serial port screenshot of the data received from the right sensor in a certain time interval when the motors are not working. 

Serial port screenshots of the data received from the rear and left sensor at a certain time interval while the motors 

are not working are shown in Figure 15 and Figure 16, respectively. When these two figures are examined, it will 

be seen that no parasitic value is detected by the other 3 sensors that do not have an obstacle in front of them. 

 

Fig. 15. Serial port screenshot of the data received from the rear sensor in a certain time interval when the motors are not working. 
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Fig. 16. Serial port screenshot of the data received from the left sensor in a certain time interval when the motors are not working. 

In the second stage, the drone was still fixed to the ground again, but tests were carried out when the motors were 

working at very high speeds. As an example of the tests carried out in this context, the distance values produced 

by the ultrasonic sensors on the front and right sides of the drone at a certain time interval were taken given in 

Figure 17 and Figure 18, respectively. When both screenshots are examined, it will be seen that no parasitic values 

caused by high-speed motors were produced and the measured distance values remained stable at 44 cm and 43 

cm, respectively. 

 

Fig. 17. Serial port screenshot of the data received from the front sensor in a certain time interval while the motors are working at 

high speed. 
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Fig. 18. Serial port screenshot of the data received from the right sensor in a certain time interval while the motors are working at 

high speed. 

If the serial port screenshots in Figure 13-Figure 18 are also examined in terms of whether sensors that are not 

obstacles in front of them produce interference, it will be seen that all sensors that are not obstacles in front of 

them do not produce interference, so any distance values other than 0 are not read. 

3.2 Obstacle avoidance tests while the drone is fixed to the ground 

In the next stage, tests of obstacle avoidance maneuvers of the drone when it detects these obstacles were started. 

Firstly, the drone was fixed to the ground, then, tests were carried out while the drone's motors were not working 

and working at high speed. In these tests, the changes in pitch, roll, and throttle values depending on the direction 

in which the obstacle is perceived were examined. 

In this context, first of all, when an obstacle is detected only from the front, the drone's escape from the obstacle 

by making a pitch movement with a positive angle (towards the back) was examined. Serial port screenshots of 

the test are shared in Figure 19. The pitch, roll, and throttle values are determined according to the distance data 

obtained from the ultrasonic sensors. When these values are examined, the following results will be reached: 

• The roll value, which should not have been generated because an obstacle was detected from the front, was 

realized as expected. In other words, the parasitic value was not generated and the roll value remained zero. 

• The pitch value varied depending on the distance of the obstacle. 

• The throttle value is also different from zero. The reason for this is to make the drone escape from the obstacle 

in a shorter time by generating more thrust. Therefore, there is a larger pitch and throttle value when closer to the 

obstacle and a smaller one when moving away from the obstacle. 
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Fig. 19. Variation of pitch, roll, and throttle values in any time interval when an obstacle is detected in front of the motors while 

they are not working. 

A serial port screenshot of the change in the roll value that will enable the drone to avoid the obstacle by lying to 

the left (making a negative angle roll movement) when an obstacle is detected only from the right side is given in 

Figure 20. When the pitch, roll, and throttle values in Figure 20 are examined, it is seen that the pitch value, which 

should not be generated at all because the obstacle is detected only from the right, is realized as expected (that is, 

no interference value is generated and the pitch value remains zero). It is a software preference that the throttle 

value, which receives a value other than zero when an obstacle is detected from the front, remains zero here. 

Therefore, it is left as zero except for the case of only front and only rear obstacle detection. This preference means 

that if the throttle value at the moment when the obstacle is detected is lost, the motors will continue to work with 

the same value and there will be no change in speed. 

 

Fig. 20. Variation of pitch, roll, and throttle values in any time interval when an obstacle is detected on the right side while the 

motors are not working. 
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Figure 21 shows a serial port screenshot of the change that allows the drone to escape from the obstacle by making 

a forward (negative angle) pitch movement when an obstacle is detected only from the rear side. 

 

Fig. 21. Variation of pitch, roll and throttle values in any time interval when an obstacle is detected at the rear while the motors are 

not working. 

When the pitch, roll, and throttle values in Figure 21 are examined, it is seen that the roll value, which should not 

be produced at all, is realized as expected (that is, the parasitic value is not produced and the roll value remains 

zero) but the pitch and throttle values vary depending on the distance of the obstacle. 

Figure 22 shows a serial port screenshot of the change in the roll movement that allows the drone to escape from 

the obstacle by lying to the right (making a positive angle roll movement) when an obstacle is detected only from 

the left side. As can be seen, the screenshot given covers a time period of 12 seconds. When the pitch, roll, and 

throttle values in this time period are examined, it is seen that the undesired result occurred 4 times in this process, 

that is, the roll value remained zero even though there was an obstacle on the left side. This is because the 

communication between Arduino and Pixhawk is momentarily interrupted. The pitch and throttle values remained 

at zero as expected. 

In the next stage, tests were carried out with the drone still fixed to the ground, but with the motors working at 

very high speeds. In this context, only the front, only the right, only the back, and only the left obstacle tests are 

given in Figure 23 – Figure 26, respectively. 

It is observed that the pitch and throttle values given in Figure 23 for the obstacle situation, which is only in the 

front and fixed, remain almost constant depending on the distance of the obstacle, while a value other than zero is 

not produced in the roll values. The same stability is in question in Figure 24. In other words, due to the perception 

of the obstacle at a fixed distance from the right side, the roll values remain almost constant, while the pitch and 

throttle values remain at zero, as expected. 
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Fig. 22. Variation of pitch, roll and throttle values in any time interval when the motors detect an obstacle on the left side while 

they are not working. 

 

 
Fig. 23. The variation of pitch, roll and throttle values in any time interval when the motors are working at very high speeds and 

only when a fixed obstacle is detected in front. 
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Fig. 24. Variation of pitch, roll and throttle values in any time interval when the motors are working at very high speeds and detect 

a fixed obstacle on the right side only. 

However, when examining Figure 25, where only the rear obstacle state is given, and Figure 26, where only the 

left obstacle state is given, it will be seen that the values that should not be zero are momentarily zero several times 

due to the momentary interruption of the communication between Arduino and Pixhawk. This momentary 

communication interruption between Arduino and Pixhawk did not cause major problems in the field tests with 

the drone. 

 
Fig. 25. Variation of pitch, roll and throttle values in any time interval when the motors are working at very high speed and only 

when an obstacle is detected at the rear. 
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Fig. 26. Variation of pitch, roll and throttle values in any time interval when the motors are working at very high speeds and only 

detect an obstacle on the left side. 

3.3 Obstacle avoidance tests performed in the air 

After examining whether the drone can detect its distance from the obstacle, generate the necessary commands to 

avoidance from the obstacle and whether interference occurs due to different reasons in the parameters that should 

not produce values, flight tests were started with the drone in the field. In these tests, the speed of the drone, its 

maneuvers, pitch, roll, and throttle values were examined by using the log records provided by Mission Planner. 

In this way, it was investigated to what extent and up to what speed the obstacle avoidance process took place. 

In the first of the tests carried out within the scope of this research, an obstacle was brought closer to the drone 

that horizontal and vertical speed is zero (suspended in the air). The speed-time and pitch angle-time graphs taken 

from the log records for the 5-second time interval of this test are shown on the same graph in Figure 27. The 

graph seen in Figure 27 in red is the speed-time graph, and the one seen in green is the pitch-time graph. When the 

obstacle was brought closer to the drone suspended in the air, the avoidance took place at a time of about 100 ms 

with the detection of the obstacle. During this time, the drone's speed increased from 0 m/s to 3.5 m/s (the point 

shown by 1 in the graph) and moved away from the obstacle. When it reached the allowable distance from the 

obstacle, its speed decreased to 0 m/s again. Immediately afterward, the obstacle was brought to a different distance 

and a test was conducted again. In the test, the drone speed increased from 0 m/s to 6 m/s (point 2 on the graph) 

in a time interval of about 100 ms and moved away from the obstacle. When the allowed obstacle distance was 

reached, the drone's speed decreased back to 0 m/s. 

When the pitch-time graph in Figure 27 is examined, it is seen that the pitch angle has reached from 0 degrees to 

-15.88 degrees when the drone starts to perform the maneuver away from the obstacle, at the first moment when 

the obstacle is detected (point shown with 3 in the graph). When the drone reached the safe distance, it first realized 

a pitch angle of about +12 degrees (the point shown by 4 on the graph) in order to hang in the air again, and after 

this oscillation, the angle value decreased to 0 degrees again. The change of pitch values in the second and third 

obstacle tests conducted during this process was similar. 
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Fig. 27. Changes in the speed-time (red) and pitch angle-time (green) graphs of a drone suspended in the air, in the case of an 

obstacle approaching from the front, over a certain time interval. 

The graphs obtained when an object is brought close from the side of the drone suspended in the air are shared in 

Figure 28. The green graph in Figure 28 shows the speed-time graph, and the red one shows the roll angle-time 

graph. Immediately after the moment of 20:17:10.000 on the graph (at the point indicated by 1 on the graph), the 

drone's speed reached from 0 m/s to 1.3 m/s (point indicated by 2 on the graph) in a very short time with the 

detection of the obstacle by the drone. The drone, which had a zero-degree roll angle until that moment, tried to 

avoid the obstacle by reaching a roll angle of -45.57 degrees (the point shown by 3 on the graph).  When the 

obstacle remained away from the set distance, the drone stopped its roll motion, brought the roll angle to zero 

degrees (the point shown by 4 on the graph), and continued to suspend in the air. Therefore, at the moment when 

the roll movement ended, the speed of the drone became 0 m/s again (the point shown by 5 on the graph). 

 
Fig. 28. Changes in the speed-time (green) and roll angle-time (red) graphs of a drone suspended in the air, in the case of an 

obstacle approaching from the side, over a certain time interval. 
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After examining the condition of approaching the obstacle to the drone hanging in the air, the behavior of the 

drone, which is moved from the front to the obstacle in the air at a low speed, was examined. The time-dependent 

change graphs of the pitch and speed values obtained from one of the tests performed within the scope of this 

review are presented in Figure 29. In Figure 29, the time-dependent change of the pitch angle is shown in red 

color, and the speed change is shown in green color graph. In Figure 30, GPS records of the drone's location and 

flight directions during this test are given. 

 
Fig. 29. Graphs obtained when the drone flying through the air encounters an obstacle from the front (the green graph is the speed-

time graph, and the red graph is the pitch angle-time graph). 

As can be seen in the upper part of the graph in Figure 29, the average speed of the drone during this test is 0.63 

m/s. Therefore, when the drone advancing at a speed of fewer than 1 m/s saw the obstacle, it reached a speed of 

4.2 m/s (point 1 on the graph) in the opposite direction and escaped from the obstacle by making a pitch angle of 

33.92 degrees (point 2 on the graph). The position at which it escaped from the obstacle and the change in the 

direction of the drone are indicated by the location symbol in the GPS records in Figure 30. 
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Fig. 30. GPS records of the location and flight directions of the drone flying through the air, including the test process in Figure 29. 

The GPS records for a certain time period of another flight test conducted towards the obstacle are shared in Figure 

31. The drone was flown at a higher speed in this test compared to the previous one. It is also understood from the 

points highlighted by 2 and 3 in the graphic section that the drone's speed at the position where it first saw the 

obstacle (highlighted with 1 in the figure) was 3.94 m/s. The angle of the pitch movement (27.57 degrees) made 

by the drone in the opposite direction in order to avoid the obstacle is also seen at the points marked by 4 and 5 in 

the graphic section of Figure 31. A detailed image showing that this maximum value of the pitch angle was reached 

at the time stamp 18:19.45.986 is given in Figure 32. 

 

Fig. 31. The log records of the drone avoiding the obstacle at a speed of 3.94 m/s. 
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Fig. 32. Log recording that the drone made the pitch angle of 27.57 degrees at 18:19.45.986 instant. 

4. Conclusion and Discussion 

The aim of this experimental study is to make an improvement that will prevent drones from hitting and crashing 

into obstacles while flying at speeds above 3 m/s, regardless of the reason. In order to achieve this goal, phased 

experiments were carried out on the ground and in the air with a drone designed with an ultrasonic sensor. 

In the first stage, the drone was fixed to the ground. Then, the tests were started by placing objects at different 

distances on different sides of the drone. In these tests, when the motors are not running and running at high speed, 

it has been investigated whether the object's distance is measured correctly and whether the ultrasonic sensors with 

no obstacles in front of them produce interference. In this context: 

• In the measurements made when the motors are not working, it has been observed that ultrasonic sensors 

generally measure the distance of the object precisely, but rarely, there are measurement errors (± 1.61% and 1.8%) 

below 2%. 

• In the measurements made when the motors are working at high speed, it has been seen that the ultrasonic sensors 

do not produce any interference caused by the motors working at high speed, and the measured distance values 

coincide with the actual distance values. 

• In the tests carried out when the motors are not working and working at high speed, it has been observed that all 

sensors that have no obstacles in front of them do not produce interference, so any distance value other than zero 

is not read. 

In the next stage, the changes in the pitch, roll, and throttle values that the drone will produce when it detects 

obstacles were examined depending on the direction in which the obstacle was detected. In tests with the drone 

fixed to the ground and the motors not working: 
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• It has been observed that the roll value, which should not be produced any value because only a frontal obstacle 

is detected, is realized as expected (that is, no interference value is produced and the roll value remains zero), but 

pitch and throttle values are present. 

• It has been observed that the pitch and throttle values, which should not be produced any value because only an 

obstacle is detected from the right, are realized as expected (that is, no parasitic value is produced and both values 

remain zero), but the roll value is present. 

• It has been observed that the roll value, which should not be produced any value because the obstacle is detected 

only from the rear, is realized as expected (that is, no interference value is produced and the roll value remains 

zero), but the pitch and throttle values are present. 

• It has been observed that the pitch and throttle values, which should not be generated at all because an obstacle 

is detected only from the left, are realized as expected (that is, no parasitic value is generated and both values 

remain zero), but the roll value, which should never be zero, is zero several times. It is envisaged that this happens 

due to a momentary interruption of communication between Arduino and Pixhawk. 

In tests with the drone fixed to the ground again but the motors working at high speed, it has been seen that the 

pitch, throttle, and roll values generally take the values that should be. However, it has been observed that some 

values that should not be zero are zero several times due to the momentary interruption of communication between 

Arduino and Pixhawk. 

In the final stage of the tests, flight tests were carried out with the drone in the field. In these tests, the speed of the 

drone, its maneuvers, pitch, roll, and throttle values were examined using the log records provided by Mission 

Planer, and it was investigated to what extent and up to which speed the obstacle avoidance process took place. In 

these three-stage tests: 

• Firstly, the obstacle has been brought closer to the drone suspended in the air from different distances and from 

different sides. It has been observed that the speed of the drone reaches up to 6 m/s depending on the distance of 

the obstacle, and the pitch and roll angles made depending on the direction of the obstacle reach -15.88 and -45.57 

degrees, respectively. 

• In the second stage, the behavior of the drone, which was advanced towards the obstacle in the air at a low 

(average 0.63 m/s) speed and approaching the obstacle from the front side, was examined. In this test, the drone 

successfully evaded the obstacle by reaching a pitch angle of 33.92 degrees and a speed of 4.2 m/s. 

• At the last stage, the behavior of the drone, which was advanced towards the obstacle in the air at a higher speed, 

was examined. At the end of this examination, it was seen that the drone, which had a speed of 3.94 m/s when it 

sensed the obstacle, made a 27.57 degree pitch movement and reduced its speed to zero, and safely avoided the 

obstacle by moving in the opposite direction without hitting the obstacle. Therefore, obstacle avoidance was 

successfully performed at a speed at least 31.3% higher than the speed (< 3 m/s) obtained in the study shared in 

[29]. 

Since the sensors used are fixed to the drone, the pitch and roll angles that the drone makes when it sees the 

obstacle cause the other sensors to distort their viewpoints, that is, to look toward the ground. This makes it difficult 

to detect a new and dynamic obstacle that will appear in the escape direction during the escape from the obstacle. 

Therefore, a new mounting method can be designed that will ensure that the sensors are always positioned parallel 

to the ground so that the drone can better detect obstacles in the direction of movement, both while avoiding the 

obstacle and moving at high pitch and roll angles. 

The obstacle avoidance system, designed using 4 ultrasonic sensors, can also be realized by using a sensor and a 

servo mechanism that will ensure that the sensor always faces the direction of the drone's movement. 
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There are communication delays in the commands to disable the control sent via MAVLink and to make the 

movement required by the obstacle. For this reason, the good adjustment of the parameter called HeartbeatTime 

between Arduino Uno and Pixhawk is a piece of useful information for other researchers who will work in this 

field. 
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