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BUKOPUCTAHHA YJIbBTPA3BYKOBUX JATUHUKIB HA BE3IIIJIOTHUX
JITAJIbHUX AITAPATAX TA AHAJI3 IXHBOI TOUYHOCTI

be3ninomni nimanwvni anapamu (BIIVIA), wiupoko 6idomi Ak OpoHu, cmaiu @aMCiIUGOI0 CKIAO080I0 CYYACHUX
mexnonoziunux cucmem. Ilpomsnzom ocmannvozo oecamunimms ixXuiii po36UMOK 3HAYHO NPUCKOPUBCS, 207I06HUM YUHOM
3A60AKU 0OCAZHEHHAM Y 2aJ1y3i e1eKMPOHIKU, 60Y008AHUX CUCHMEM, CCHCOPHUX MEXHOJI02ill ma anzopummie aémoHOMHO20
kepysanna. Co0200Hi OpOHU 8ice He 00MeNHCYIOMbCA NUULe PEKPeayiliHuM 6UKOPUCIAHHAM; 60HU WIUPOKO 3ACHIOCOEYIOMbCA
0114 NPOMUCNO08UX IHCHEKUill, Y CIIbCbKOMY 20CnO0apcmei, MOHIMOPUHZY HABKOIUUWHBOZO CEPe0osuuld, PAMYEAIbHUX
onepayiax, kapmozpaghyeanni micyesocmi, nocicmuyi ma cucmemax 6e3nexu.

O0num i3 KII04OBUX ACNEKMI8, W0 GNIUGAIOMYb HA eheKmueHicms podomu OpoHie, € 8NPOBAONCEHHA CEHCOPHUX
cucmem. /lamuuku 3ab6e3neuyioms OompuUManna HeoOXionoi inghopmauii npo nagkoruwInE cepedosuie ma NOMOYHUIL CMAaH
aimanvnoz2o anapama. be3 nadiitnux oanux 6i0 0amuukie Oynau 6 HEMONCAUGUMU AGMOHOMHUIL noaim, cmaodinizayia ma
eusnenennsa nepeuwtkoo. Cyuacni nnamgopmu BIIVIA 3a3éuuail inmezpyloms KilbKa CEHCOPHUX MEXHO02il, MAKUX AK
2ipockonu, akcenepomempu, GPS-mooyni, onmuuni kamepu, cucmemu LiDAR, ingppauepeoni ma ynompa3zeykoei oamuuxu.

Ceped uyux mexmHonoziit ynvmpazeykoei 0amuuKku € 0OHUM i3 Haunpocmiwiux i HAUOOCMYRHIWUX pilleHb 0N
sumipiosanns eiocmani na Kopomkux oOucmanyisx. Ixmua mana eaza, xomnaxmmui pozmipu ma 6iOHOCHO HU3bKe
CHEP2OCNOINCUBGAHHA POONAMY IX nNpUOamHuMu O0na inmezpayii @ jecki naam@opmu Oponie. Ynbmpaszeykoei oamuuxu
Hallyacmiuie GUKOPUCIOBYIOMbCA 01 CMAbdinizayii ucomu nOIbOMY, AGMOMAMUYHOT NOCAOKU, YHUKHEHHS nePeuKo) ma
Hagizayii 6 npuminiennsnx, oe cucnanu GPS moixcyms 6ymu nedocmamubo mouHumu ado 63az2aji HEOOCMynHUMU.

Ilpunyun podomu yaibmpazeyKkoeux 0amuuKie IPyHmMyemovcsa Ha nepeoayi ma nPUomi 6UCOKOYACHOMHUX 36YKOGUX
xeuns. Ilicna 6i0oumms eunpominenozo aKyCmu4Hozo CUZHANy 6i0 nepeuiKoou 0amuuK 6U3HAYA€c 4ac NOGEPHEHHA 8i0dumor
Xeuni ma po3paxoeye eiocmans mixc 0amyuxom i 06’ckmom. Xoua cam npunyun € 6i0HOCHO RPOCMUM, HA MOYHICMb
GUMIPIOBAHHA MONCYMb 6NAUCAMU PI3HI (YAKMOPU HABKOTUMIHDBOZO0 CEPE)0SULL A, 30KPEMA MEMNEPAMYPA, 607102iCIb NOGIMPS,
eimep, mamepian noeepxui ma zeomempisn 00°€Kkma eUMIPIOGAHH.

Ilonpu negni oomedncenns, yibmpazeyKkosi OGMUUKU RAPOOOGIHCYIOMb WIUPOKO GUKOPUCHIOBYGAMUCH 6 HAGUATbHUX,
excnepumenmanvuux ma neoopozux cucmemax BITIA. Ixni nepesazu oco6nueo nomimui ¢ 3acmocyeannsx, oe nompiomi
HaOIHI GUMIPIOBAHHSA HA KOPOMKUX GI0CMAHAX (€3 BUKOPUCMAHHA 00P02020 001A0OHAHHA.

OcHo6HOl0 memolo yici cmammi € anani3 GUKOPUCMAHHA YIbMPA3EGYKOBUX OAMHUUKIE Yy cucmemax OpoHie ma
eKcnepumMeHmanbHa oyinka ixuooi mounocmi nio yac npakmuunux eumiprosans giocmani. Excnepumenmansna wacmuna
00cnidxcenna 30cepedrcena na yrompaseykoeomy oamuuxy HC-SR04, nioknouenomy 0o mikpokonmponepa Arduino Uno.
Bumiprosanns npoeoounucs 6 KOHMPOILOSAHUX YMOGAX RPUMILYEHHS HA PI3HUX GIOCIAHAX 3 MEMOI0 ROPIGHAHHA GUMIPDAHUX
3HAYEeHb i3 AKMUYHUMU GIOCIMAHAMU MA OUIHKU NPUOAMHOCHI 0aMYUUKA O71A 3ACMOCY8AHHA HA Oe3NiIOMHUX JIIMAIbHUX
anapamax.

Knrwwuoei cnosa: oamuuk, yiempaseyk, 8il0Cmans, Hasieayis, 3acoou.
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UTILIZATION OF ULTRASONIC SENSORS ON DRONES AND ANALYSIS OF THEIR
ACCURACY

Unmanned aerial vehicles (UAVs), commonly referred to as drones, have become an increasingly important part of
modern technological systems. Over the last decade, their development has accelerated significantly, mainly due to advances in
electronics, embedded systems, sensor technologies, and autonomous control algorithms. Today, drones are no longer limited
to recreational use; they are widely applied in industrial inspection, agriculture, environmental monitoring, rescue operations,
terrain mapping, logistics, and security applications.

One of the key aspects influencing drone performance is the implementation of sensor systems. Sensors provide essential
information about the surrounding environment and the current state of the aircraft. Without reliable sensor data, autonomous
flight, stabilization, and obstacle detection would not be possible. Modern UAV platforms typically integrate multiple sensing
technologies such as gyroscopes, accelerometers, GPS modules, optical cameras, LiDAR systems, infrared sensors, and
ultrasonic sensors.

Among these technologies, ultrasonic sensors represent one of the simplest and most affordable solutions for short-
range distance measurement. Their low weight, compact dimensions, and relatively low power consumption make them suitable
for integration into lightweight drone platforms. Ultrasonic sensors are most commonly used for altitude stabilization, automatic
landing, obstacle avoidance, and indoor navigation, where GPS signals may not be sufficiently accurate or available.

The operating principle of ultrasonic sensors is based on the transmission and reception of high-frequency sound waves.
After the emitted acoustic signal reflects from an obstacle, the sensor evaluates the return time of the reflected wave and
calculates the distance between the sensor and the object. Although the principle itself is relatively simple, measurement
accuracy may be influenced by several environmental factors, including temperature, air humidity, wind, surface material, and
the geometry of the measured obstacle.

Despite certain limitations, ultrasonic sensors continue to be widely used in educational, experimental, and low-cost
UAV systems. Their advantages are particularly evident in applications that require reliable short-range measurements without
the need for expensive hardware.
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The main objective of this paper is to analyze the use of ultrasonic sensors in drone systems and experimentally evaluate
their accuracy in practical distance measurements. The experimental part of the study focuses on the HC-SR04 ultrasonic sensor
connected to an Arduino Uno microcontroller. Measurements were performed under controlled indoor conditions at various
distances in order to compare measured values with actual distances and assess the suitability of the sensor for drone
applications.

Keywords: sensor, ultrasound, distance, guidance, means

Unmanned aerial vehicles are flying systems capable of operating without the direct physical
presence of a pilot onboard. Depending on the application, drones may be remotely controlled by an
operator or perform autonomous tasks using onboard control units and integrated sensor technologies. In
recent years, UAV systems have become increasingly important in both civilian and industrial sectors due
to their flexibility, relatively low operating costs, and ability to access environments that may be dangerous
or difficult for humans.

Current drone systems consist of several interconnected subsystems that ensure stable and safe
operation. The basic components usually include a flight controller, electric motors, propellers,
communication modules, a power supply system, and multiple sensors responsible for environmental
perception and navigation.

Sensors play a crucial role in drone functionality because they continuously provide information
required for flight stabilization and autonomous control. The most commonly used sensors include
gyroscopes and accelerometers, which monitor angular movement and orientation, GPS modules for
positioning, optical cameras for visual navigation, LiDAR systems for high-precision distance
measurement, and ultrasonic sensors for short-range obstacle detection.

Gyroscopes and accelerometers are generally integrated into inertial measurement units (IMUs),
which are essential for maintaining stable flight conditions. GPS modules allow drones to determine their
geographical position and follow predefined routes. Optical cameras are frequently used for object
recognition, aerial mapping, and monitoring applications. LiDAR systems provide highly accurate three-
dimensional environmental scanning, although their implementation is usually associated with higher costs.

Ultrasonic sensors belong to the category of low-cost proximity sensors designed primarily for short-
distance measurements. In drone systems, they are commonly positioned on the underside or sides of the
aircraft to detect nearby obstacles or monitor altitude above the ground Fig. 1. Due to their relatively simple
design and low hardware requirements, ultrasonic sensors are often integrated into educational and
experimental UAV platforms.

One of the major advantages of drone systems is their ability to operate in environments that would
otherwise expose humans to unnecessary risks. UAVs are widely used during rescue operations, industrial
inspections at high altitudes, hazardous material monitoring, and surveillance missions. However, drone
operation is still limited by several factors, including battery capacity, weather conditions, communication
stability, and sensor reliability.

The combination of different sensor technologies significantly improves drone safety and navigation
accuracy. Modern autonomous UAV systems therefore rely on sensor fusion, where information from
multiple sensors is processed simultaneously in order to achieve more reliable environmental awareness
and stable flight performance [1][2][3].

Distance

Fig. 1. LiDAR systems, and ultrasonic sensors
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Ultrasonic Sensors and Their Operating Principle

Ultrasonic sensors are electronic devices designed for non-contact distance measurement. Their
operation is based on the transmission of ultrasonic waves and the subsequent detection of reflected signals
from surrounding objects. Due to their low price, compact dimensions, and relatively good measurement
accuracy at short distances, these sensors are widely used in robotics, industrial automation, and unmanned
aerial systems.

Ultrasound refers to mechanical sound waves with frequencies higher than the upper limit of human
hearing, which is approximately 20 kHz. Most ultrasonic sensors used in electronic systems operate at
frequencies close to 40 kHz. The sensor emits a short ultrasonic pulse into the surrounding environment,
and after the wave reflects from an obstacle, the reflected signal is detected by the receiving element.

The distance between the sensor and the object is calculated from the measured travel time of the

ultrasonic wave. The relationship between distance and signal propagation time can be expressed as:

g= vt
T2
where:

e d is the distance to the object,

e Vv is the speed of sound in air,

o t is the time taken for the ultrasonic pulse to return.

The speed of sound in air at a temperature of 20 °C is approximately:

v =343 m/s

The measured value must be divided by two because the ultrasonic signal travels both toward the
obstacle and back to the sensor.

Although ultrasonic sensors provide relatively reliable measurements at short distances, their
accuracy may be affected by several environmental and physical factors. The most significant influences
include:

e ambient temperature,

e air humidity,

« wind conditions,

e shape and material of the measured object,

e angle of incidence of the ultrasonic wave,

e electromagnetic interference.

One of the most frequently used sensors in educational and experimental projects is the HC-SR04
ultrasonic sensor Fig. 2. This module allows distance measurements approximately within the range of 2
cm to 400 cm under ideal operating conditions. The sensor typically achieves millimeter-level accuracy at
shorter distances, making it suitable for simple autonomous systems and laboratory experiments [4][7].

In UAV applications, ultrasonic sensors are mainly used for low-altitude stabilization, automatic
landing, obstacle detection, and autonomous indoor navigation. Their implementation is especially
advantageous in confined environments where optical or GPS-based systems may not provide sufficient
reliability.

The main advantages of ultrasonic sensors include low cost, easy integration into microcontroller
systems, low power consumption, and relatively low weight. On the other hand, their disadvantages involve
limited measurement range, lower reliability under outdoor conditions, and sensitivity to environmental
disturbances such as wind or irregular reflective surfaces.

For this reason, ultrasonic sensors are often combined with additional sensing technologies such as
cameras or LiDAR systems in professional UAV platforms [5][6][8].

Ultrasonic sensors are primarily used on drones for: measuring altitude above the ground, flight
stabilization, automatic landing, detection of nearby obstacles, and autonomous indoor navigation.

Their advantages include low weight and simple integration into drone control systems. However,
their disadvantages are a shorter range and lower reliability in outdoor environments under unfavorable
conditions or at higher flight speeds.

Application of Ultrasonic Sensors on Drones

Ultrasonic sensors represent an important component of modern autonomous drone systems,
particularly in applications requiring short-range environmental awareness. Their primary function is to
provide continuous information about the distance between the drone and surrounding obstacles or the
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ground surface. This information is subsequently processed by the flight controller, which adjusts the
drone’s movement accordingly.

Fig. 2. HC-SR04 sensor

One of the most common applications of ultrasonic sensors in UAV systems is altitude measurement
during low-altitude flight. Sensors mounted on the underside of the drone continuously monitor the distance
between the aircraft and the ground. This enables stable hovering and precise altitude control, especially in
indoor environments where GPS signals may be unavailable or inaccurate.

Ultrasonic sensors are also widely used during automatic landing procedures. During descent, the
sensor continuously evaluates the remaining distance to the ground surface and allows the flight controller
to gradually reduce motor power. As a result, the landing process becomes smoother and safer, minimizing
the risk of sudden impact or instability.

Another important area of application is obstacle detection. Sensors positioned on the front, rear, or
sides of the drone can identify nearby objects in real time. If an obstacle is detected within a critical distance,
the control system may warn the operator or automatically modify the flight trajectory in order to avoid
collision.

Indoor navigation represents another field where ultrasonic sensors can provide practical advantages.
Since GPS-based positioning systems often perform poorly inside buildings, drones must rely on alternative
methods for orientation and stabilization. In such cases, ultrasonic sensors may support autonomous
movement and improve positional awareness.

Despite these advantages, ultrasonic sensors also have several limitations that restrict their use in
more demanding applications. One of the major disadvantages is their relatively short measurement range
compared to laser-based systems. Furthermore, measurement reliability may decrease under outdoor
conditions due to wind, environmental noise, or irregular object surfaces.

The wider measurement angle of ultrasonic waves may also reduce precision when multiple nearby
obstacles are present. In addition, highly absorbent or uneven materials may weaken the reflected signal
and negatively affect measurement accuracy.

From a practical perspective, ultrasonic sensors are most suitable for short-range applications and
lower flight altitudes. In modern professional UAV systems, they are therefore commonly combined with
optical sensors, LiDAR systems, cameras, and inertial navigation systems to improve overall reliability and
operational safety [2][3][9].

Practical Implementation of Measurement

The experimental part of this work focused on evaluating the accuracy of the HC-SR04 ultrasonic
sensor during distance measurements under controlled conditions. The experiment was carried out using an
Arduino Uno microcontroller, which processed the data obtained from the sensor.

The HC-SR04 module was selected because it represents one of the most commonly used ultrasonic
sensors in educational and experimental electronics projects. Its popularity is mainly associated with low
cost, simple operation, and straightforward integration into microcontroller-based systems.

The sensor was connected to the Arduino Uno according to the standard connection scheme. The
TRIG pin was used to generate the ultrasonic pulse, while the ECHO pin received the reflected signal. The
Arduino microcontroller subsequently calculated the distance based on the measured signal propagation
time.

The experiment was conducted indoors under stable environmental conditions in order to minimize
the influence of external disturbances such as wind or ambient noise. A flat solid obstacle was placed at
predefined distances from the sensor.
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Measurements were performed at distances ranging from 20 cm to 200 cm. Each measurement was
repeated three times, and the resulting average value was calculated to improve reliability. Actual distances
were verified using a standard measuring tape.

After the initialization process in the Arduino IDE environment, the sensor repeatedly emitted
ultrasonic pulses into space. When the transmitted wave reflected from the obstacle, the returning signal
was captured through the ECHO pin. Based on the measured time interval, the Arduino microcontroller
calculated the corresponding distance.

The collected measurement data were subsequently compared with the actual distances in order to
evaluate sensor accuracy and identify possible deviations. The connection schematic is shown in Fig. 3.

ARDUINO >> HC-SR04
OV s \/CC
D2 s ECHO
D3 TRIG
GND s GND

Fig. 3. Connection schematic

Measurement Results

The purpose of the experiment was to evaluate the accuracy of the HC-SR04 ultrasonic sensor during
practical distance measurements. All measurements were carried out under stable indoor conditions in order
to reduce the influence of environmental interference.

Measured values were obtained at several predefined distances between 20 cm and 200 cm. Each
measurement was repeated three times, and the average value was calculated to ensure greater reliability
and consistency of the results.

Accuracy Analysis of the HC-5R04 Ultrasonic Sensor
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Fig. 4. Accuracy analysys of HC-SR04 ultrasonic sensor
The graphical evaluation of the experiment demonstrated that the relationship between actual and
measured distances remained almost linear throughout the majority of the measurement range. The
measured values closely followed the ideal reference line, particularly at shorter distances.
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Within the range of approximately 20 cm to 80 cm, the differences between actual and measured
values were minimal. This indicates that the HC-SR04 sensor provides relatively stable and accurate
measurements under short-range operating conditions.

As the measured distance increased, the deviation between actual and measured values gradually
became more noticeable. The largest deviation occurred at a distance of approximately 200 cm, where the
measured value exceeded the actual distance by roughly 5 cm.

Although the measurement error increased with distance, the recorded values still showed relatively
smooth progression without significant random fluctuations. This confirms that the sensor measurements
remained repeatable and sufficiently stable for simple autonomous applications.

The obtained results indicate that the HC-SR04 ultrasonic sensor is most suitable for applications
involving short-distance measurements. In drone systems, this includes low-altitude stabilization, automatic
landing procedures, and obstacle detection within the immediate surroundings of the aircraft.

The experiment also confirmed several practical limitations of ultrasonic sensing technology.
Measurement accuracy may decrease at longer distances, and sensor performance can be negatively
influenced by environmental conditions or reflective properties of the measured object.

Nevertheless, considering its simplicity, affordability, and relatively reliable short-range
performance, the HC-SR04 sensor remains a practical solution for educational projects and basic UAV
applications [6][11].

Concluion

The objective of this paper was to analyze the utilization of ultrasonic sensors in drone systems and
experimentally evaluate their accuracy during practical distance measurements. The theoretical section
introduced the operating principles of UAV sensor systems and described the functionality of ultrasonic
sensors commonly used in autonomous navigation applications.

The experimental part focused on practical measurements using the HC-SR04 ultrasonic sensor
connected to an Arduino Uno microcontroller. Measurements were carried out at several predefined
distances under stable indoor conditions, and the obtained values were compared with actual measured
distances.

The results demonstrated that the ultrasonic sensor provides relatively accurate and stable
measurements at shorter distances. The graphical analysis confirmed that the measured values closely
approximated the ideal reference values, especially within lower measurement ranges. However, as the
distance increased, the measurement error gradually became more significant, which represents a natural
limitation of ultrasonic sensing technology.

Based on the performed experiment, it can be concluded that ultrasonic sensors are particularly
suitable for simple autonomous drone applications involving short-range measurements. Typical examples
include low-altitude flight stabilization, automatic landing, indoor navigation, and nearby obstacle
detection.

The main advantages of ultrasonic sensors include low implementation cost, low weight, simple
integration into electronic systems, and low power consumption. Their disadvantages involve limited
measurement range and sensitivity to environmental conditions such as wind, temperature changes, or
irregular object surfaces.

In professional UAV systems, ultrasonic sensors are therefore often combined with additional
technologies such as LiIDAR systems, optical sensors, and cameras in order to improve navigation accuracy
and operational reliability. Despite their limitations, ultrasonic sensors remain an effective and
economically accessible solution for educational, laboratory, and experimental drone applications.
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