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ABSTRACT 
Context. The development of a range measurement module based on an ultrasonic sensor with a Global System for Mobile 

Communications (GSM) module is extremely relevant in the field of telecommunications and radio electronics. In today’s world, an 
increasing number of devices are integrated into Internet of Things (IoT) systems, where long-distance data transmission is provided 
by telecommunication technologies. The use of the GSM module allows real-time transmission of information from the measuring 
device to remote servers or end users, which is critical for remote monitoring and control solutions. 

Ultrasonic sensors in combination with a GSM module can automate measurement processes in hard-to-reach or hazardous envi-
ronments, which increases the efficiency and safety of systems. The use of radio electronic technologies for real-time transmission of 
measurement data can significantly expand the functionality of devices and facilitate their integration into existing telecommunica-
tions systems, particularly in the industrial, transportation, and infrastructure sectors.  

Thus, the development of this module with precise measurements contributes to the development of innovations in the field of 
telecommunications and radio electronics, providing fast and reliable data transmission, which is an important component of modern 
information systems. 

Objective. Development of a range measurement module based on an ultrasonic sensor with a GSM module and improving the 
accuracy of measurements by implementing the proposed mathematical model of ultrasonic sensor autocalibration. 

Method. To achieve this goal, an integrated range measurement module was developed, which combines the HC-SR04 ultrasonic 
sensor with a GSM module. The method of improving accuracy is based on the proposed mathematical model of ultrasonic sensor 
autocalibration. 

Results. The task was stated, and a range measurement module based on an ultrasonic sensor with an integrated GSM module 
was developed. In the course of the study, an electrical schematic diagram of the device was created using DipTrace software. An 
algorithm for the operation of the module has been developed, which optimizes the interaction between the ultrasonic sensor. A 
printed circuit board has been created. A mathematical model of autocalibration of an ultrasonic sensor to improve measurement 
accuracy has been proposed. A series of experimental studies were carried out to assess accuracy. The results of the experiments 
confirmed the effectiveness of the developed module for measuring distances. 

Conclusions. The developed range measurement module based on an ultrasonic sensor with a GSM module is an innovative so-
lution that meets the modern requirements of telecommunication and radio engineering systems. The integration of accurate distance 
measurement based on the proposed mathematical model of autocalibration of an ultrasonic sensor with the possibility of remote data 
transmission opens up new prospects for remote monitoring and automation of processes. Experimental studies have confirmed the 
accuracy and reliability of the device, and comparative analysis with analogs has demonstrated its competitive advantages. The cost-
effectiveness and energy efficiency of the developed module make it attractive to a wide range of users, from individual developers 
to industrial enterprises. Further research can be aimed at improving data processing algorithms and expanding the functionality of 
the device, which will contribute to the development of innovative technologies in the field of radio electronics and telecommunica-
tions. 

KEYWORDS: range, measurement, module, ultrasonic sensor, GSM module. 
 

ABBREVIATIONS 
AT – attention command; 
FFBPN – feedforward backpropagation neural net-

work; 
GSM – global system for mobile communications; 
ICSPCLK – in-circuit serial programming clock; 
ICSPDAT – in-circuit serial programming data; 
IoT – internet of things; 
LVP – low voltage programming; 
MCLR – master clear (reset); 
PCB – printed circuit board; 
PGC – programming clock; 
PGD – programming data;  
PGM – programming; 
PIC – peripheral interface controller; 
RA0/AN0 – analog input 0; 
RA1/AN1 – analog input 1; 
RAM – random access memory; 

RB0/INT – transition / interruption; 
RB1/RX/DT – receiver / data transmission; 
SIM – subscriber identity module; 
TTL – transistor-transistor logic; 
UART – universal asynchronous receiver-transmitter; 
UIPS – ultra-wideband indoor positioning system; 
Vdd – positive supply voltage; 
Vpp – programming voltage; 
Vss – ground (grounding). 
 

NOMENCLATURE 
E  – multitude of external influencing factors; 

bE  – bit energy; 

mE  – energy spent on measurement; 

prE  – energy spent on data processing; 

totE  – total energy consumption of the system; 

32



p-ISSN 1607-3274   Радіоелектроніка, інформатика, управління. 2025. № 2 
e-ISSN 2313-688X  Radio Electronics, Computer Science, Control. 2025. № 2 

 
 

© Sotnik S. V.,  2025 
DOI 10.15588/1607-3274-2025-2-3  
 

trE  – energy spent on data transmission; 

sf  – sampling frequency, which determines the num-

ber of signal samples per unit of time; 
H  – relative humidity at the measurement site; 

corK  – coefficient to compensate for systematic error; 

rceK  – correction coefficient of compensation for the 

random component of the error; 
L  – distance, m; 

AL  – acoustic interference level; 

mL  – measured distance value; 

trL  – true value of the distance; 

m  – total number of measurements; 
N  – total number of counts that have been made; 

0N  – noise power spectral density; 

t  – time of the reflected pulse per second; 

 s n  – discrete signal samples; 

P  – calibration options; 

eP  – probability of error; 

noiP  – noise power in the communication channel; 

sigP  – power of the useful signal; 

SWp – Shapiro-Wilk criterion; 

2R  – coefficient of determination; 
RMSE  – root mean square error; 

 Q  – function; 

SNR  – signal-to-noise ratio; 
T  – air temperature or directly temperature in the 

measurement environment of the HC-SR04 ultrasonic 
sensor, °C; 

sT  – sampling period, which determines the time in-

terval at which samples are taken; 

,cal iY  – calibrated value for the i-th measurement; 

,mes iY  – measured value for the i-th measurement; 

prY  – primary measurement; 

,ref iY  – reference value for the i-th measurement; 

  – coefficient that determines the effect of tempera-
ture in a systematic error; 

  – coefficient that determines the effect of humidity 

in a systematic error; 
  – coefficient that determines the influence of the 

level of acoustic interference in the systematic error; 
  – relative error; 
  – coefficient that determines the influence of the 

primary measurement into a systematic error; 
ε  – measurement error, m; 
εsys  – systematic error; 

  – average error value, m; 

  – variance, which characterizes the spread of errors 
around the mean value; 

  – ultrasonic speed, m/s. 

INTRODUCTION 
As the coverage of mobile networks increases, GSM 

modules are becoming increasingly popular. They allow 
efficient transmission of data or other information. This 
approach provides convenience and speed of information 
transfer in real time. This trend is especially relevant in an 
environment where automation and remote monitoring are 
becoming an integral part of modern technological sys-
tems [1–4]. 

Automated control allows precise control of process 
parameters such as temperature and metal casting speed, 
ensuring stable production conditions and preventing de-
fects. In addition, the automated system records data in 
real time, which simplifies the maintenance of technical 
documentation and allows you to quickly respond to 
changes in process parameters. 

Ultrasonic sensors are one of the most effective tools 
for precise distance measurement in various media. The 
combination of ultrasonic sensors with GSM modules 
opens up new possibilities for creating autonomous meas-
urement systems that can transmit measurement results 
over long distances. This is especially important for ap-
plications where traditional methods of data collection 
and transmission are not efficient or possible. 

The development of a range measurement module 
based on an ultrasonic sensor with the integration of a 
GSM module is aimed at creating a universal device that 
will provide accurate distance measurements and the abil-
ity to transmit them to remote servers or end users. This 
will significantly increase the efficiency in the field of 
radio engineering and telecommunications by improving 
the collection and processing of data in real time. The 
integration of the GSM module ensures stable communi-
cation over long distances, which reduces delays in data 
transmission. This allows you to improve monitoring sys-
tems, controlling remote devices and networks, especially 
in environments where the use of advanced technologies 
is difficult or impossible. 

The research objectives include the development of an 
integrated module that combines the HC-SR04 ultrasonic 
sensor with a GSM module for remote monitoring and 
real-time data transmission. In addition, it is necessary to 
identify and analyze modern distance measurement de-
vices, their characteristics, advantages and disadvantages, 
and develop an algorithm for the module to ensure meas-
urement accuracy and reduce power consumption. These 
tasks are aimed at creating and implementing an innova-
tive, energy-efficient and cost-effective solution for re-
mote distance measurement with real-time data transmis-
sion to expand the capabilities of telecommunication sys-
tems, improve remote monitoring technologies in various 
industries and science, and develop applied aspects of 
radio engineering in the field of measurement systems and 
wireless data transmission. Practical tasks include the 
implementation of an algorithm and the creation of a re-
mote distance measurement module that integrates an 
inexpensive HC-SR04 ultrasonic sensor with a GSM 
module, which allows for remote measurements at an 
affordable price. 
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Since one of the main problems that exist in the de-
velopment and use of remote distance measurement sys-
tems is to ensure high accuracy of measurements in vari-
ous operating conditions, improving the accuracy of dis-
tance measurement becomes a key task for improving 
such systems. This is especially important for applications 
where even small errors can have a significant impact on 
the results of the entire system, which is why this is the 
topic of our research. 

The initial data include the results of previous studies, 
technical requirements for creating a distance measure-
ment module [5–7]. 

The object of research is the distance measurement 
process and the GSM module for data transmission. 

The subject of research is a distance measurement 
module.  

The purpose of the research is to development of a 
range measurement module based on an ultrasonic sensor 
with a GSM module and increasing the accuracy of meas-
urements by implementing the proposed mathematical 
model of ultrasonic sensor autocalibration. 

 

1 PROBLEM STATEMENT 
In the context of the rapid development of telecom-

munication technologies and the expansion of the applica-
tion areas of radio systems, the issue of effective integra-
tion of measuring devices with data transmission systems 
is becoming particularly relevant. Modern radio engineer-
ing and telecommunications require reliable, accurate and 
cost-effective solutions for remote measurement and mon-
itoring of various parameters, including distance.  

Existing distance measurement systems in radio engi-
neering applications often face accuracy and reliability 
issues, especially in variable electromagnetic environ-
ments or when working with different types of surfaces. 
These limitations have a significant impact on the effi-
ciency and reliability of telecommunications’ systems that 
use distance data to optimize signal transmission or an-
tenna system setup. 

Integration of measuring devices with modern tele-
communications networks, in particular with mobile 
communication systems, remains a challenge. Many exist-
ing solutions do not have effective means for long-
distance data transmission, which limits their use in dis-
tributed radio systems and networks. This problem is par-
ticularly acute in the context of the development of IoT 
technologies and the expansion of mobile network cover-
age, where efficient data transmission from remote sen-
sors is critical. 

In light of these challenges, there is an urgent need to 
develop an integrated range measurement module that 
would combine high measurement accuracy with the abil-
ity to efficiently transmit data over mobile networks. Such 
a module should be energy-efficient with the ability to 
operate autonomously, affordable, and able to operate in a 
variety of operating conditions typical of telecommunica-
tions systems. 

The development of a module based on the HC-SR04 
ultrasonic sensor with the integration of a GSM module 

seems to be a promising solution that can meet the above 
requirements.  

The mathematical formulation includes in the model 
the measurement of distance by an ultrasonic sensor: 

.( ) / 2L t   Taking into account the effect of tempera-

ture on the speed of sound: .331,3 0,606L T    Model 

of measurement error: .εm trL L   While the measure-

ment error can be modeled as a random variable with a 

normal distribution 2(μ,σ )N , the average error value is 

zero, i.e., μ 0  on average, the error will not bias the 

result in a certain direction (no systematic error). Disper-
sion, which characterizes the spread of errors around the 
mean value. The larger the value σ , the more errors can 
deviate from zero. 

Sampling of a signal for digital processing: 
[ ] ( ), 1, 2,..., 1.ss n s T n N    The sampling period that 

determines at what interval samples are taken 1/ .ssf T  

It can be thought of as the inverse of the sampling rate 
Data transmission model via a GSM module: 

/ .sig noiS PNR P  The probability of error when transmit-

ting a bit of information: 0/( 2 ).e bP Q E N  Energy effi-

ciency of the system:   tot m pr trE E E E   . 

This mathematical formulation covers the main as-
pects of the developed module, including distance meas-
urement, signal processing, data transmission, and energy 
efficiency of the system. It allows for a theoretical analy-
sis and optimization of system parameters to achieve the 
best measurement accuracy and data transmission reliability. 

 

2 REVIEW OF THE LITERATURE  
Today, many authors have studied in detail the areas 

of application and various aspects of distance measure-
ment technologies. In particular, numerous scientific pub-
lications and technical reports focus on analyzing the ef-
fectiveness of various distance measurement methods, 
their accuracy, speed, and adaptation to different condi-
tions. 

Thus, the ultrasonic method of measurement, namely 
sensors, is one of the most effective tools for accurate 
distance measurement. A striking example of the synergy 
of radio engineering and telecommunications is the de-
velopment and implementation of an UIPS, presented in 
[8]. This system demonstrates how technologies tradition-
ally associated with radio engineering (ultrasonic signals, 
specialized signal processing methods) are integrated with 
modern telecommunications solutions (Wi-Fi, wireless 
sensor networks) to create an effective positioning sys-
tem.  

Another important study [9] presents an innovative as-
sistive device for navigation for blind and visually im-
paired people, which, although it has wide practical appli-
cation, is based on the principles of radio engineering and 
telecommunications. This device combines radio engi-
neering components (ultrasonic sensors for detecting ob-
stacles, signal processing and analysis) with telecommu-
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nications and information technologies (integration of a 
smartphone and its camera, visual information process-
ing). These studies clearly demonstrate that modern de-
velopments in distance measurement and positioning lie 
at the intersection of radio engineering and telecommuni-
cations, combining signal processing principles with ad-
vanced data transmission methods. 

In modern radio engineering and telecommunications, 
there is a wide range of technologies for measuring dis-
tance. Each of these technologies has its own advantages 
and limitations that determine their areas of application. 

Ultrasonic and infrared technologies for detecting var-
ious objects on flat surfaces and from different materials 
are described in [10]. The focus is on measurements at 
short distances within useful ranges. 

A study of the operation of an ultrasonic sensor that 
measures distance by the threshold method is presented in 
[11]. To improve the accuracy of distance measurement, 
the authors used the least-squares method, the piecewise 
method, and the Vandermonde method. The principle of 
operation of these sensors is based on measuring the time 
required for the reflection of an ultrasonic pulse from an 
object. Research shows that ultrasonic sensors are particu-
larly effective for measurements up to 4 meters away, 
making them ideal for many industrial and domestic ap-
plications. 

Paper [12] describes research in the field of laser sen-
sors for movement, distance, and position. Laser distance 
measurement technologies are used in robotics, surveil-
lance, autonomous driving, and biomedicine. Laser sen-
sors are based on various optical methods, such as trian-
gulation, time-of-flight, confocal and interferometric sen-
sors. 

Optical sensors use infrared radiation to measure dis-
tance [13, 14]. These sensors have the advantage of being 
fast and able to work with transparent objects.  

In [14], a device was developed to measure the exact 
distance from 5 to 400 cm using three sensors using the 
proposed online FFBPN. The field of application of the 
device is in robotics and radar for accurate object detec-
tion in robotics and radar, as this device successfully de-
tects close and distant objects. 

The use of GSM modules to transmit measurement da-
ta is becoming increasingly popular due to the wide cov-
erage of mobile networks [15]. This makes it possible to 
create autonomous monitoring systems that can operate 
over long distances without the need for additional com-
munications. The authors in [15] describe the experimen-
tal setup and discuss the measurement principle. To calcu-
late the distance using this device, the target, the distance 
to which is to be measured, should always be perpendicu-
lar to the plane of propagation of ultrasonic waves. Thus, 
the target orientation is a limitation of this system. The 
paper describes the device in some detail but does not pay 
much attention to studies on accuracy and energy effi-
ciency.  

Paper [16] is devoted to the use of ultrasonic sensors 
to measure the distance to objects without physical con-
tact. The device includes a built-in temperature compen-

sation sensor to improve measurement accuracy because 
temperature changes affect the propagation speed of ultra-
sonic waves. The work uses an ATmega32 and an ultra-
sonic transmitter and receiver operating at 40 kHz, gener-
ating and receiving ultrasonic pulses and calculating the 
time of their reflection from the obstacle. The authors also 
used the HC-SR04 sensor. Although the distance to the 
object can be measured up to 60 meters and the measure-
ment results are displayed on an LCD screen, it is worth 
noting that our choice of the PIC16F628A may be more 
efficient because it has a power consumption advantage 
for battery-powered devices.  

In [17], distance measurement methods are consid-
ered, in particular, the non-contact method that uses an 
ultrasonic sensor. An ultrasonic transducer uses the time-
of-flight technique to determine distance. This method 
calculates the time interval between the transmitted and 
reflected signal, which allows for distance determination. 
Although the tests have shown successful results in meas-
uring the distance to an object up to 5 meters, as well as 
calculating the corresponding area and volume, the de-
scribed methods and results could be compared with ana-
logs, as we have done in our work, to prove the effective-
ness of the work. In addition, the article does not provide 
a detailed analysis of the impact of different environ-
mental conditions on the accuracy of measurements, 
which is an important aspect to improve the overall per-
formance of the system. 

Measurements using ultrasonic sensor probes are 
among the cheapest of the various options. Such sensors 
are considered to be one of the most efficient and cost-
effective methods of distance measurement, although 
there is potential for further development of this technol-
ogy for longer distances. This paper describes measuring 
the distance to an obstacle using such a sensor. 

The general trend of these scientific works is a great 
interest in the development and improvement of non-
contact distance measurement methods using ultrasonic 
and other types of sensors. Researchers focus on improv-
ing the accuracy and range of measurements, as well as 
on integrating these technologies with various electronic 
systems to achieve better results in practical applications.  

Therefore, in this work, emphasis is placed on the de-
velopment of a range measurement module on an ultra-
sonic sensor with a GSM module and to increase the ac-
curacy of distance measurement, and in addition, it will 
be possible to transmit the obtained values to remote 
servers or end users. 

 

3 MATERIALS AND METHODS 
To begin with, let’s justify the choice of technical 

means for the distance measurement module. 
For this study, we chose the HC-SR04 ultrasonic sen-

sor developed by RoboBox because it is (Fig. 1) [18]:  
– is widespread and easily available on the market of 

electronic components;  
– is one of the most cost-effective solutions for dis-

tance measurement;  
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– has a simple interface that facilitates its integration 
with various microcontrollers;  

– HC-SR04 measurement accuracy (usually ±3 mm) is 
quite acceptable;  

– no blind spots; 
– the sensor is capable of measuring distances from 2 

cm to 400 cm, which is suitable for many projects;  
– consumes little power, which is important for mo-

bile or autonomous devices; 
– small dimensions of the sensor make it easy to inte-

grate into various projects; 
– less sensitive to light and color of objects compared 

to optical sensors. 
 

 
Figure 1 – HC-SR04 sensor 

 

To generate ultrasonic waves on the transducer, a TTL 
pulse of 10 µs duration must be applied to the Trig pin.  

When the pulse arrives, the circuit generates 8 pulses 
with a frequency of 40 kHz, which activate the piezoresis-
tive transducer. This creates ultrasonic waves that propa-
gate in the direction of the obstacle. The reflected waves 
are captured by a second piezoelectric transducer. By 
comparing the time between sending and receiving pulses, 
the circuit generates a TTL-level Echo pulse whose dura-
tion is proportional to the distance to the object.  

After determining the width of the Echo pulse, you 
can calculate the distance to the reflected surface using 
the following formula: pulse width equals distance. 

The PIC16F628A microcontroller is used to convert 
the duration of the signal generated by the ultrasonic sen-
sor into a distance value and then transmit it to the SIM 
module. This microcontroller is part of the widely used 
PIC series. The choice of this microcontroller is due to the 
presence of a built-in timer and a UART interface, which 
allows you to transfer data and commands such as AT, 
which are recognized by the SIM module. 

PIC16F628A is the best choice for developing a range 
measurement module with an ultrasonic sensor and GSM 
module because:  

– PIC16F628A offers a good feature set at an afford-
able price;  

– the small size of the microcontroller (18-pin DIP or 
SOIC package) allows you to create compact devices;  

– PIC16F628A has power-saving modes, which is im-
portant for standalone devices;  

– clock frequency up to 20 MHz provides sufficient 
performance for processing data from the ultrasonic sen-
sor and GSM module;  

– 2048 words of program Flash memory and 224 
bytes of RAM are enough to implement the required func-
tionality;  

– the presence of UART, timers, and comparators sim-
plifies the work with external devices;  

– PIC series microcontrollers are known for their sta-
bility and resistance to interference. 

The location of the pins of the microcontroller 
PIC16F628A in Fig. 2. 

 

 
Figure 2 – Diagram of the location of the pins of the microcon-

troller PIC16F628A 
 

In Fig. 2 the diagram shows the purpose of each of the 
18 pins of the microcontroller, such as RA0/AN0, 
RA1/AN1, RB0/INT, RB1/RX/DT, etc. This information 
is important for the correct connection of the microcon-
troller to other components of the circuit, for example, to 
connect an ultrasonic sensor, GSM module, and other 
devices within the developed range measurement module. 

Next, let’s move on to the development of a diagram 
of an electrical circuit device for measuring distance. 

In this study, a distance measurement module was de-
veloped using the DipTrace software.  

DipTrace was chosen for designing component pack-
ages and creating PCB layouts due to its ease of use, in-
tuitive interface, and powerful set of design tools. This 
program provides high accuracy when working with vari-
ous components, which allows you to create complex 
electronic circuits and layouts with minimal errors. In 
addition, DipTrace supports a wide range of file formats, 
which facilitates integration with other tools and systems, 
making it a universal solution for PCB designers. The 
electrical schematic diagram of the device was created 
using the DipTrace Schematic module (Fig. 3). 

 

 
Figure 3 – Schematic diagram of the distance measurement 

module of the microcontroller PIC16F628A 
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First, the matching elements were removed from the 
antenna circuit. It is allowed to use a short connection 
between RF_ANT(60) and the antenna at short distances. 
The PWRKEY(1) pin has a button, which, when pressed 
for 0,5 seconds, turns on the module. 

The LED indicators are connected via resistors. When 
the module is turned on, the LED connected to the 
STATUS(66) pin should light up.  

The NETLIGHT(52), which shows the network status, 
operates in glow and non-beam modes.  

The TX(9) and RX(10) pins of the module are con-
nected to the PIC16F628A microcontroller, providing 
data exchange via a serial UART interface using AT 
commands. 

Resistors R4 and R5 limit the current supplied to LED 
indicators set to 300 ohms. 

Any antenna in the GSM band with an SMA-F con-
nector is used.  

Capacitors: C1–4,7 μF, С3–22 pF, С4–100 μF, С5–
104 nF, С7–10 pF, С8–0.47 μF.  

The SIM cardholder is installed with protective di-
odes.  

It is recommended to use a powerful power supply 
since, when searching for a network, the peak current can 
reach 1.5 A. 

Now, let’s move on to the development of the mod-
ule’s algorithm. Consider the principle of operation of the 
distance measurement module. 

When idle, the module goes into sleep mode.  
The microcontroller is configured in such a way that it 

automatically activates when it is in idle mode. The wake-
up of the microcontroller is due to a signal from the 
SIM900, specifically from the RI pin (4), which is con-
nected to the RB4 pin of the microcontroller.  

When an incoming call or SMS is received at the 
RI(4) input of the SIM900, the logical level on this pin is 
lowered to 0, which causes an interrupt in the microcon-
troller and activates it. 

After waking up, the device is configured so that when 
receiving an incoming call, the microcontroller sends a 
pulse of 10 μs to the HC-SR04 ultrasonic sensor. 

After receiving a signal from the sensor, the microcon-
troller calculates the distance (in centimeters) and trans-
mits this data via AT commands to the communication 
module. 

The general algorithm of the program is shown in 
Figure 4.  

Declaring variables is the first step in executing a pro-
gram.  

Next, the microcontroller timers are configured. 
After that, it is necessary to implement the output of 

the AT command to configure the operation of SMS 
transmission, so the program outputs the AT command 
for the configuration of SMS transmission. AT commands 
allow: to configure communication parameters, initiate a 
connection, send and receive data (in this case, SMS), 
control the functions of a modem or GSM module.  

At the stage “Output of AT commands to configure 
the operation of SMS transmission”, the program proba-

bly sends one or more AT commands to the GSM module 
for its configuration before sending SMS. 

Next, the program waits for an incoming call, which is 
marked as “Ring” on the diagram – this is a special signal. 
This call serves as a trigger or signal to activate the meas-
uring process. It is not designed for voice communication.  

Advantages of this approach:  
– the system does not carry out constant measure-

ments but is activated only when necessary;  
– access control, because only authorized numbers can 

initiate measurements;  
– remote control: the ability to start measuring re-

motely. 
If the “Ring” call is received, the following steps are 

performed:  
– measuring the time around the input signal, that is, 

the program measures the duration of the input signal, so 
the trigger for the HC-SR04 is triggered, the sensor gen-
erates 8 pulses for transmission, and the displayed signal 
will be sent to the microcontroller;  

– converting them into centimeters, that is, the meas-
ured time is converted into distance (centimeters);  

– sending SMS, here the program generates and sends 
SMS messages. 

 
Figure 4 – Algorithm of the distance measurement module 

program 
 
The “Ring” call does not require an answer or connec-

tion. The very fact of its receipt is a signal to start work.  

Start 

Declaring vari-
ables 

Setting timer 
registers 

Type attention 
command 

Time measurement

Got a "Ring" 
call? 

No

Yes 

Data transfer 

End 
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The sensor data is sent to the user’s landline number.  
Thus, the microcontroller is in sleep mode while wait-

ing for the “Ring” call and will “wake up” when interrup-
tions occur from the contact of the module UART_RI(4), 
which reduces the power consumption of the device. 

The application for the PIC16F628A microcontroller 
was downloaded using the PICkit 2v2.61 utility and the 
PICkit 2 programmer. Next, we describe which microcon-
troller pins should be connected to the outputs of the pro-
grammer for flashing the program: 

1 – MCLR/Vpp; 
2 – Vdd Target; 
3 – Vss (ground); 
4 – PGD (ICSPDAT); 
5 – PGC (ICSPCLK); 
6 – PGM (LVP). 
 
3.4 Creating a PCB for the distance measurement 

module  
For this device, according to the above scheme 

(Fig. 3), a printed circuit board was created using laser-
iron technology. The board drawing was made using the 
DipTrace PCB program, which has auto-positioning and 
auto-trace functions. The circuit board diagram is de-
picted in DipTrace (Fig. 5 a). 

 

 
a 
 

 
b 

Figure 5 – Range measurement module PCB 
 
Fiberglass board of the range measurement module 

measuring 13 cm × 8 cm in size (Fig. 5 b).  
Images of the tracks, pins, and board elements were 

generated as a template using PCB design programs such 

as DipTrace and then printed on A4 glossy paper for 
transfer to fiberglass during board manufacturing. 

After that, the workpiece was prepared, namely, the 
surface of the fiberglass was cleaned with fine sandpaper 
and degreased with lotexolite, carefully placing it on the 
workpiece and smoothing it with an iron for 3–5 minutes. 
Then the paper is moistened with water and carefully re-
moved. The workpiece was etched in a solution of ferric 
chloride prepared in a ratio of 1:1 with water.  

Therefore, to increase accuracy, it is proposed to for-
malize the process of correcting measurements. 

A mathematical model of autocalibration is proposed, 
which will be based on a statistical analysis of the dis-
crepancies between the measured and reference values. 
The key idea is to determine the systematic error of the 
sensor and its subsequent compensation. 

Therefore, the mathematical model of autocalibration 
of an ultrasonic sensor is a multicomponent approach to 
improving the accuracy of measurements by statistically 
correcting systematic errors. 

The concept of the model is: 
– analysis of discrepancies between measured and ref-

erence values; 
– formalization of the process of determining errors; 
– development of a mechanism for adaptive correction 

of measurements; 
– taking into account the influence of external factors 

on the accuracy of measurements. 
The experiments section presents the results of the 

measurements made with HC-SR04 and the reference 
values that were compared. These comparisons are the 
basis for the development of the autocalibration method. 

The general mathematical model can be represented as 
a functional mapping: 

 
( , , , , ).pr AcalY F Y E T H L  (1)

 
External conditions  include: atmospheric parameters 

(air pressure, density of the medium, presence of air cur-
rents); geometric characteristics of the environment (pres-
ence of physical obstacles, distance to objects, configura-
tion of space); external physical influences (electromag-
netic fields, acoustic background, vibrations). 

Let’s formalize the process of determining errors. The 
component of systematic error can be represented as: 

 
ε ( , , , )pr Asys f Y T H L   

.A prT H L Y         
(2)

 
The accuracy of the HC-SR04 ultrasonic sensor is key 

to its effective use in real-world applications. Minor er-
rors in the operation of the sensor can accumulate, affect-
ing the overall quality of the system. To ensure reliable 
operation of the system, it is important to take into ac-
count the errors (systematic or random) that occur during 
measurements. Therefore, systematic errors can be pre-
sented in the form of: 
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, ,

1

(ε) = ( ) ( , , ) / .
m

mes i ref i A
i

Y Y w T H L m


    (3)

 
We will take into account the weight function of ex-

ternal factors ( , , )Aw T H L , which allows us to estimate 

their influence on the variance of errors  
The algorithm for the process of correcting ultrasonic 

sensor measurements is shown in Fig. 6. 
 

 
Figure 6 – Algorithm of the ultrasonic sensor measurement cor-

rection process 
 
Step 1. Input measurements. 
Step 2. Calculation of errors. 
Розрахунок абсолютної похибки: 
 

ε = mes refY Y . (4)

 
The relative error can be determined: 
 

  = ( ) / 100%mes ref refY Y Y   . (5)

 

Step 3. Analysis of statistical characteristics includes 
verification: 

– the average value of the error > 0.1, then the sys-
tematic error. If the average error value is <= 0.1, then the 
error is within the normal range; 

– variance of errors > critical value, then this is a sig-
nificant random error. If the variance <= of a critical val-
ue, then the stability of the measurements; 

– distribution asymmetry != 0, then, nonlinearity of er-
rors. If the distribution asymmetry = 0, then the symmet-
ric error distribution; 

– the Shapiro-Wilk criterion SWp  < 0.05, then there is 

a deviation from the normal distribution. If the Shapiro-
Wilk criterion SWp > = 0.05, then the normal error distri-

bution. 
Step 4. If the analysis of statistical characteristics 

showed that the obtained values of the monitored parame-
ters (average error value, etc.) are not within the normal 
range, then the direction of correction is determined. This 
stage involves an analysis of the nature of the detected 
errors in order to choose the optimal approach to their 
compensation: 

– if the average value of the error exceeds the norm, 
this indicates the presence of a systematic error. The di-
rection of correction will be aimed at reducing this sys-
tematic component; 

– if the error variance is too high, this indicates a sig-
nificant random error. In this case, the direction of correc-
tion will be aimed at reducing the influence of random 
factors; 

– analysis of the asymmetry of the error distribution 
helps to identify the presence of nonlinearities, which is 
also taken into account when determining the direction of 
correction; 

– if the Shapiro-Wilk criterion < 0.05, then there is a 
deviation from the normal distribution. In this case, it is 
necessary to apply other approaches to modeling and 
compensation for errors that are not based on the assump-
tion of a normal distribution. For example, robust statisti-
cal methods can be used, which are less sensitive to de-
viations from normality. This will allow you to correctly 
take into account the peculiarities of the real distribution 
of errors when developing an automatic calibration algo-
rithm. 

If the statistical characteristics of the errors are within 
the normal range, that is, they show the stability of the 
measurements, then the next step should be to check the 
accuracy. The application of additional correction will not 
be necessary. After checking the accuracy, if it meets the 
requirements, it will be possible to complete the autocali-
bration process. 

Step 5. Adaptive adjustment of correction coefficients 
based on the analysis of errors. This stage is key, as it 
allows you to dynamically adjust the compensation pa-
rameters depending on the current state of the measuring 
system. 

The concept of adaptive coefficient adjustment will 
take into account the following factors: 

Start

Input measurements 

Error calculation 

Determining 
the direction 
of correction 

Analysis of sta-
tistical character-

istics 

No
Yes 

Adaptive ratio adjust-
ment 

Applying correction 
to measurements 

Final adjusted meas-
urements 

Is the accu-
racy satisfac-

tory? 

Yes 

No

End 
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– current statistical characteristics of errors (mean, 
variance, asymmetry); 

– changes in external conditions that affect the sensor. 
For example, if the analysis revealed the presence of a 

systematic component of error, the compensation coeffi-
cient will be increased to reduce this component. 

Thus, the adaptive approach allows you to flexibly re-
spond to changes in the operation of the sensor and opti-
mally adjust the correction parameters to ensure high ac-
curacy of measurements in real operating conditions. 

Step 6. Step 6 consists of applying the calculated cor-
rection to the sensor’s output measurements. At this stage, 
the adaptive correction coefficients determined in the pre-
vious step are used to compensate for systematic and ran-
dom errors. 

Thus, the initial uncorrected sensor readings are proc-
essed using the calculated correction coefficients, which 
allows you to obtain corrected, more accurate measure-
ment values. This step completes the autocalibration pro-
cess, providing an increase in the overall accuracy of the 
ultrasonic sensor. 

Let the systematic error of the sensor be represented 
by the formula (2). Then the adjustment factor to compen-
sate for the systematic error is calculated as: 

 
1 / (1 )cor sysK    . (6)

 
To compensate for the random component of the error, 

the correction factor is determined based on the variance 
of the errors: 

 

1 /rceK   . (7)

 
If the analysis shows the presence of nonlinearities in 

the error distribution, i.e. asymmetry, or deviations from 
the normal distribution according to the Shapiro-Wilk 
criterion, this means that the errors cannot be compen-
sated by linear correction coefficients alone. In general, 
deviation from normality requires the use of robust statis-
tical analysis methods and appropriate nonlinear error-
side compensation algorithms. This will allow you to 
more effectively take into account the real features of the 
distribution of sensor errors. 

Step 7. Accuracy check. Accuracy verification is the 
final stage of the autocalibration process and is aimed at 
evaluating the effectiveness of the developed error correc-
tion methods. The main goal of this stage is to confirm 
that the applied correction algorithms have improved the 
accuracy of the ultrasonic sensor measurements. The pro-
cedure for checking accuracy usually consists of the fol-
lowing sub-stages: 

1. Collection of new test data. At this stage, new 
measurements are made using the sensor after making 
adjustments. These measurements are compared with ref-
erence values. Reference values are usually obtained from 
high-precision systems or using special calibration 
equipment. 

2. The residual errors are calculated after applying the 
correction factors: 

 

res cal refY Y  . (8)

 
3. Analysis of statistical characteristics of residual er-

rors. 
First, key parameters are evaluated, namely: 

– average value of residual errors (  ). If 0  , this 
indicates the minimization of the systematic error; 

– dispersion of residual errors 2( ) . If 2  has de-

creased significantly compared to the initial data, this 
means effective compensation for random errors; 

– asymmetry (Skewness) and excess (Kurtosis). If the 
asymmetry (Skewness) is close to 0, and the excess (Kur-
tosis) is 3 (or close to 3), this confirms the normal distri-
bution of residual errors; 

– Shapiro-Wilk criterion SWp . If 0.05SWp  , the re-

sidual errors are normally distributed, which is a good 
indicator. 

4. Comparison before and after correction. The key 
accuracy metrics before and after the application of cor-
rection algorithms are compared: 

– standard error (RMSE): 
 

2
, ,

1

1
( )

m

cal i ref i
i

RMSE Y Y
m 

  . (9)

 
A decrease in RMSE  confirms the success of the cor-

rection. 

The coefficient of determination ( 2R ) analyzes how 
much the adjusted values correspond to the reference val-
ues. 

5. Assessment of the admissibility of residual errors. It 
is checked whether the residual errors are within the per-
missible range. If they go beyond these limits, it is neces-
sary to reconfigure the correction algorithm. 

Thus, the accuracy check covers the calculation of re-
sidual errors, their statistical analysis, visualization and 
comparison of results before and after correction. This 
allows you to evaluate the effectiveness of autocalibration 
and confirm the achievement of the required level of ac-
curacy. 

Step 8. Obtaining final corrected measurements. 
A more in-depth analysis of the mathematical model 

of autocalibration will be presented in this paper. 
 

4 EXPERIMENTS 
A series of experimental studies were carried out to 

evaluate the accuracy and reliability of the developed 
distance measurement module. The main purpose of the 
experiments was to compare the indicators of the HC-
SR04 ultrasonic sensor with reference measurements 
made using a ruler.  

The methodology of the experiment included the fol-
lowing stages:  
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– preparation of an experimental bench consisting of a de-
veloped distance measurement module and a reference ruler;  

– installation of the measuring object at different dis-
tances in the range of up to 15 cm; 

– distance measurements using the HC-SR04 ultra-
sonic sensor;  

– parallel distance measurement using a ruler to obtain 
reference values;  

– distance measurements using the Sharp 
GP2Y0A21YK0F optical sensor;  

– recording and comparing the results obtained;  
– analysis of the obtained data: plotting the presence 

of the measured distance from the real one for both sen-
sors and determining the ranges of greatest accuracy for 
each type of sensor. 

It is necessary to take into account the influence of 
various environmental conditions on the accuracy of dis-
tance measurement:  

– in environments with a high noise level, false alarms 
are possible;  

– the sensor can be sensitive to changes in temperature 
and humidity, which can affect the speed of propagation 
of ultrasonic waves;  

– measurement efficiency may decrease when work-
ing with soft or porous surfaces that reflect ultrasonic 
waves worse;  

– the accuracy of measurements can be affected by the 
angle of inclination of the surface relative to the sensor; 

 – the presence of other ultrasonic sources nearby can 
create interference and lead to inaccurate measurements;  

– the sensor has a “blind spot” at very close distances 
(usually less than 2 cm), where it cannot accurately meas-
ure the distance. 

 
5 RESULTS  

The measured distance of the HC-SR04 was compared 
with the ruler and the Sharp GP2Y0A21YK0F, the results 
were entered in Table 1. 

 
Table 1 – Measurement results 

Measured distance on 
HC-SR04, cm 

Distance on the 
ruler, cm 

Measured percentage 
on Sharp 
GP2Y0A21YK0F, cm 

2 2 2 
3 3 3 
4  4 4 
6  5 5 
6  6 6 
7  7 7 
8  8 8 
9  9 9 
10  10 11 
12  11 12,1 
12  12 13 
13  13 14,3 
15  14 15,4 
15  15 16 

 
Graphs of the dependence of the measured distance on 

the real one for both sensors are plotted in Fig. 6. 

 
Figure 6 – Graph of the dependence of the measured distance on 

the real distance for HC-SR04 and Sharp GP2Y0A21YK0F 
 

The analysis of the results of experiments showed that 
the accuracy of measurements depends on several factors:  

1. The characteristics of the reflective surface because 
different materials can reflect ultrasonic waves differ-
ently, which affects the accuracy of measurements.  

2. Measurement mediums because the speed of sound 
can vary depending on temperature, humidity and other 
environmental parameters.  

3. Measurement errors. The measurement error of this 
range meter device on an ultrasonic sensor is ± 1 cm. 

The results obtained confirm the high accuracy and re-
liability of the developed module based on the HC-SR04 
for measuring distances in the range of up to 15 cm. 

Comparison with the Sharp GP2Y0A21YK0F optical 
sensor demonstrates the advantages of the ultrasonic 
method in the context of measurement stability and less 
sensitivity to external factors. 

 
6 DISCUSSION 

The results of experiments carried out with the devel-
oped distance measurement module based on the HC-
SR04 ultrasonic sensor demonstrate the high accuracy and 
reliability of the device. However, the data obtained re-
quire detailed analysis and interpretation in the context of 
potential applications and limitations of the technology. 

Comparison of the readings of the ultrasonic sensor 
with the reference measurements with the ruler showed 
that the measurement accuracy is within ±1 cm. This is an 
acceptable result for many practical applications, espe-
cially given the low cost and ease of implementation of 
the device.  

However, it is worth noting that at distances of 9–11 
cm, some deviations were observed. This may be due to 
the peculiarities of the propagation of ultrasonic waves or 
the specifics of a particular sensor sample. To increase 
accuracy at these distances, you can consider calibrating 
the sensor or using additional data processing algorithms. 

Let’s compare with other analogs. For example, com-
pared to optical sensors such as infrared distance sensors, 
the HC-SR04 ultrasonic sensor has the advantage that it is 
less sensitive to the illumination and color of objects. This 
makes it more versatile for a variety of applications.  

However, laser rangefinders usually provide higher 
measurement accuracy. However, they are significantly 
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more expensive and may have limitations when working 
with transparent or mirrored surfaces.  

For a more detailed analysis, consider comparing the 
HC-SR04 with the common Sharp GP2Y0A21YK0F op-
tical sensor. 

 
Table 2 – Comparison of HC-SR04 and Sharp GP2Y0A21YK0F 

Characteristic HC-SR04 (Ultrasonic) 
[12, 13] 

Sharp 
GP2Y0A21YK0F 
(Optical) [12, 13] 

Measurement 
range 

2 cm – 400 cm 10 cm – 80 cm 

Accuracy ±3 mm ±10 % of the 
measured distance 

Response time ~60 ms ~39 ms 
Supply voltage 5V 4.5 V – 5.5 V 
Current consump-
tion 

~15 mA (active mode) ~30 mA 

Object color sensi-
tivity 

Low High 

Sensitivity to 
transparent objects 

High Low 

Exposure to out-
door lighting 

Low High 

Sizes 45 x 20 x 15 mm 29.5 x 13 x 13.5 
mm 

Price (approx.) $2–$5 $10–$15 

 
Analyzing the data from the table, the following con-

clusions can be drawn:  
– the measurement range of the HC-SR04 is a much 

wider measurement range, which makes it more versatile 
for different applications;  

– the accuracy of the HC-SR04 is higher, especially at 
longer distances.  

– the speed of the optical sensor has a slightly better 
response time, which can be critical for some applica-
tions;  

– the HC-SR04 has low power consumption, making 
it an ideal choice for energy-efficient and stand-alone 
devices. This allows the sensor to be used in battery-
powered systems, ensuring long-term operation without 
the need for frequent maintenance or recharging. Thanks 
to this, the device can function effectively in remote plac-
es or in conditions where there is no constant power 
source; 

– sensitivity to external factors in HC-SR04 it is less 
to the color of the object and ambient light, but it may 
have problems detecting transparent objects;  

– dimensions and cost. The HC-SR04 is somewhat 
larger in size, but significantly cheaper.  

The choice between these two types of sensors de-
pends on the specific application. The HC-SR04 is the 
preferred choice for general use, especially in variable 
lighting environments or when working with objects of 
different colors. However, for applications that require 
high performance or working with transparent objects, an 
optical sensor may be the preferred choice. 

Despite the overall effectiveness of the developed 
module, there are certain limitations that should be taken 
into account:  

1. The maximum measurement distance is limited to 4 
meters, which may not be sufficient for some applica-
tions.  

2. Ultrasonic waves may not bounce off soft or porous 
surfaces as efficiently, which may affect the accuracy of 
measurements.  

3. Influence of various environmental conditions on 
the accuracy of measurements In environments with a 
high noise level, false positives are possible.  

Overall, the developed distance measurement module 
demonstrates high potential for practical applications, 
providing a balance between accuracy, ease of implemen-
tation and cost-effectiveness. 

 
CONCLUSIONS 

An urgent problem has been solved: the development 
of a range measurement module on an ultrasonic sensor 
with a GSM module, which allows for accurate distance 
measurement and transmission of results to remote serv-
ers or directly to end users. 

The scientific novelty of the results obtained lies in 
the fact that a mathematical model of autocalibration of 
an ultrasonic sensor has been proposed. The key benefits 
of this approach are: 

1. Comprehensive statistical error analysis, since the 
model allows you to detect and compensate for both sys-
tematic and random errors of the sensor based on the 
analysis of discrepancies between measured and reference 
values. 

2. Adaptive correction because the proposed mecha-
nism for adaptive adjustment of correction coefficients 
provides a flexible response to changes in external condi-
tions that affect the accuracy of measurements. 

3. Taking into account the influence of factors, be-
cause the model takes into account the influence of tem-
perature, humidity, interference, etc., on sensor errors, 
which increases the efficiency of compensation. 

4. Formalization of the process, since the presentation 
of a mathematical model in the form of clear equations 
and algo-rhythmic steps provides structure and the possi-
bility of further improvement of the method. 

In general, this approach allows you to significantly 
increase the accuracy of the ultrasonic sensor in real oper-
ating conditions due to comprehensive statistical error 
correction. The formalization of the model in mathemati-
cal form is an innovative step that contributes to the effec-
tive practical application of the method. 

The practical value of the results obtained lies in the 
creation of a cost-effective solution for remote distance 
measurement, because the developed module combines an 
inexpensive HC-SR04 ultrasonic sensor with a GSM 
module, which allows remote measurements at an afford-
able price. This is especially useful for small businesses 
and individual developers in the field of radio electronics. 
The development can expand the capabilities of telecom-
munication systems because the integration of the GSM 
module allows you to transmit measurement data over a 
cellular network, expanding the scope of application of 
the device in telecommunication systems. This makes it 
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possible to monitor over long distances without the need 
for additional communications. Optimization of power 
consumption lies in the fact that the developed algorithm 
of the module, which provides for sleep mode and activa-
tion on an incoming call, can significantly reduce the 
power consumption of the device. This is crucial for au-
tonomous systems in radio electronics and telecommuni-
cations. 

Thus, an integrated range measurement module has 
been developed, which combines the HC-SR04 ultrasonic 
sensor with a GSM module, which allows for accurate 
remote measurement and data transmission in real time. 

The experiments carried out using real data demon-
strate the effectiveness of the developed module. A com-
parative analysis with an optical sensor showed that the 
developed module based on HC-SR04 is less sensitive to 
external factors (lighting, object color), which increases 
the reliability of measurements in various operating con-
ditions. 

A wide range of measurements (up to 4 m) and the 
ability to work with different types of surfaces makes the 
module versatile for many tasks in radio electronics, from 
industrial automation to security systems. Therefore, the 
results obtained make a significant contribution to the 
development of radio electronics. 

Prospects for further research are as follows:  
1. Integration of additional sensors (e.g. infrared) to 

increase the reliability of measurements.  
2. Develop machine learning algorithms to improve 

accuracy and noise filtering.  
3. Optimization of power consumption to increase the 

autonomy of the device 
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УДК 621.391.2:004.31 
РОЗРОБКА МОДУЛЯ ВИМІРЮВАННЯ ДАЛЬНОСТІ НА УЛЬТРАЗВУКОВОМУ ДАТЧИКУ З GSM МОДУЛЕМ 

Сотник С. В. – канд. техн. наук, доцент, доцент кафедри комп’ютерно-інтегрованих технологій, автоматизації та робототехніки Хар-
ківського національного університету радіоелектроніки, Харків, Україна. 

АНОТАЦІЯ 
Актуальність. Розробка модуля вимірювання дальності на основі ультразвукового датчика з GSM модулем є надзвичайно актуальною 

у сфері телекомунікацій та радіоелектроніки. У сучасному світі все більша кількість пристроїв інтегрується в системи Інтернету речей 
(IoT), де передачу даних на великі відстані забезпечують телекомунікаційні технології. Використання GSM модуля дозволяє в режимі реа-
льного часу передавати інформацію з вимірювального пристрою на віддалені сервери або кінцевим користувачам, що є критичним для 
рішень у сфері дистанційного моніторингу та контролю. 

Ультразвукові датчики у поєднанні з GSM модулем можуть дозволять автоматизувати процеси вимірювання у важкодоступних або не-
безпечних для людини умовах, що підвищує ефективність та безпеку систем. Застосування радіоелектронних технологій для передачі вимі-
рювальних даних у реальному часі дозволяє значно розширити функціональність пристроїв, полегшити їхню інтеграцію у вже існуючі 
системи телекомунікацій, зокрема у промислових, транспортних, та інфраструктурних секторах. 

Таким чином, розробка даного модуля з точними вимірами сприяє розвитку інновацій у галузі телекомунікацій та радіоелектроніки, за-
безпечуючи швидку та надійну передачу даних, що є важливою складовою сучасних інформаційних систем. 

Мета. Розробка модуля вимірювання дальності на основі ультразвукового датчика з GSM-модулем та підвищення точності вимірювань 
шляхом впровадження запропонованої математичної моделі автокалібрування ультразвукового датчика. 

Метод. Для досягнення поставленої мети був розроблений інтегрований модуль вимірювання дальності, який поєднує ультразвуковий 
датчик HC-SR04 з GSM-модулем. Метод підвищення точності базується на запропонованій математичній моделі автокалібрування ультра-
звукового датчика. 

Результати. Здійснена постановка задачі та розроблено модуль вимірювання дальності на основі ультразвукового датчика з інтегрова-
ним GSM-модулем. У ході дослідження було створено електричну принципову схему пристрою за допомогою програмного забезпечення 
DipTrace. Розроблено алгоритм роботи модуля, який оптимізує взаємодію між ультразвуковим датчиком. Створено друковану плату. За-
пропоновано математичну модель автокалібрування ультразвукового датчика для підвищення точності вимірювання. Проведено серію 
експериментальних досліджень для оцінки точності. Результати експериментів підтвердили ефективність розробленого модуля для вимі-
рювання відстаней. 

Висновки. Розроблений модуль вимірювання дальності на основі ультразвукового датчика з GSM-модулем представляє собою іннова-
ційне рішення, що відповідає сучасним вимогам телекомунікаційних та радіотехнічних систем. Інтеграція точного вимірювання відстані на 
базі запропонованої математичної модель автокалібрування ультразвукового датчика з можливістю дистанційної передачі даних відкриває 
нові перспективи для дистанційного моніторингу та автоматизації процесів. Експериментальні дослідження підтвердили точність та надій-
ність пристрою, а порівняльний аналіз з аналогами продемонстрував його конкурентні переваги. Економічна ефективність та енергоощад-
ність розробленого модуля роблять його привабливим для широкого кола користувачів, від індивідуальних розробників до промислових 
підприємств. Подальші дослідження можуть бути спрямовані на вдосконалення алгоритмів обробки даних та розширення функціональних 
можливостей пристрою, що сприятиме розвитку інноваційних технологій у сфері радіоелектроніки та телекомунікацій. 

КЛЮЧОВІ СЛОВА: дальність, вимірювання, модуль, ультразвуковий датчик, GSM модуль. 
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