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 This scientific article presents a block diagram of a two-channel radio 

direction finder that effectively uses the phase method to determine the 

direction of the signal source. The main attention is paid to the mathematical 

model of the formation of the cardioid radiation pattern of biconical 

antennas, which have unique directivity characteristics. These features 

significantly affect the accuracy and reliability of the bearing determination 

process. The developed algorithm aims to accurately determine the direction 

of motion of an unmanned aerial vehicle, especially in the context of a two-

channel radio receiver and a five-element antenna system. This antenna 

system provides unique capabilities for increased resolution and directional 

accuracy. The article also touches on the issue of software implementation of 

the developed algorithm, which is aimed at increasing the number of 

generated bearing estimates in conditions of limited time for observing an 

unmanned aerial vehicle. Thus, the proposed method is of interest in the 

field of precision direction finding in the context of small unmanned 

vehicles. 
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1. INTRODUCTION 

At the present stage of the evolution of unmanned aerial vehicles (UAVs), they are successfully 

integrated into various fields, including transportation [1]–[3], territory security [4]–[6], agriculture, and 

medicine [7]–[9]. In the military field, UAVs are used for reconnaissance, strike operations, cargo 

transportation, target designation of other weapons, and autonomous missions by programming [10]. With 

the increase in the use of UAVs, the need for means to counter their actions in limited areas has also 

increased. Currently, the most effective method of counteraction is the use of electronic jamming means. The 

process of countering UAVs begins with detecting the fact of their flight using electronic reconnaissance 

https://creativecommons.org/licenses/by-sa/4.0/
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equipment. This includes identifying the signal and frequency parameters of radio control and data 

transmission channels, as well as issuing target designations as shown in Figure 1. In light of this, a current 

direction of scientific research is the development of proposals for the creation of advanced electronic 

reconnaissance equipment capable of detecting and determining the coordinates of UAVs with subsequent 

transmission of the received radar information to the end user. 

 

 

 
 

Figure 1. An example of the possible impact of a UAV on cover targets 

 

 

The purpose of this paper is to develop a highly efficient algorithm designed to determine the 

direction of an UAV under dual-channel phase direction finder conditions. The main ambition is to create an 

algorithm that is capable of providing an increased number of accurate bearing estimates in situations of 

limited UAV observation time. This research aims to develop a method that will be most effective in a two-

channel phase direction finder environment, which is critical in the field of UAV position estimation. The 

algorithm strives to provide high accuracy in generating bearing estimates, even with limited time resources 

for observing the object. This is essential for the effective use of direction finding in situations [11] that 

require fast and accurate determination of the direction of the UAV. Therefore, the main objective of the 

paper is to create a state-of-the-art algorithm specifically tailored for dual-channel phase direction finders to 

provide accurate and high-quality bearing estimates under time-constraint conditions. This software part is a 

key element for the successful implementation of the method in real operating conditions. The overall context 

of the article provides a deep understanding of not only the technical aspects associated with the structure and 

algorithm but also their practical application, making the work relevant and promising in the field of 

unmanned navigation and radio direction finding. 

Babak et al. [12] present examples of the application of the developed models and measures on a 

circle to study cyclic signals in various fields. The object of study is the phase shift between cyclic signals, 

with special attention paid to the transition to periodic signals, including harmonic ones. Solutions to the 

problems of accurately measuring the thickness of materials with high absorption of the ultrasonic echo pulse 

are considered. The work demonstrates the high probability of detecting information signals in conditions of 

additive noise using selective circular statistics the length of the resulting vector. A method for processing the 

results of multiscale phase measurements based on numerical systems of residual classes in phase 

rangefinders and direction finders is emphasized. Jasim et al. [13] discuss the challenges associated with 

radio frequency spectrum management for UAVs, with a focus on ensuring safe operation, efficient spectrum 

use, and compatibility with existing wireless networks. They note that current spectrum management 

schemes have limitations in the context of dynamic UAV networks that require adaptive solutions and robust 

schemes to ensure uninterrupted and reliable service. The article offers an overview of spectrum management 

for UAV operations, identifying designs that suit the characteristics of UAVs and ensuring safe and efficient 

use of the radio frequency spectrum. Catapano et al. [14] provides a comprehensive overview of the current 

state of the art in non-contact ground sensing radar (GPR) technology. In operation, microwave tomography 

(MWT) is proving to be a very flexible tool to address these challenges. Experimental examples concerning 

different types of contactless GPRs are presented to validate the effectiveness of MWT when combined with 

signal-filtering procedures. Noviello et al. [15] presented a comprehensive review of the current status and 
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challenges associated with radar imaging from UAVs, which has attracted enormous interest due to its 

practical implications. First, a description of the available prototypes is provided in terms of radio 

technologies, UAV platforms, and navigation control devices. The paper then examines the major issues 

affecting the performance of radar education systems using UAVs, such as controlling the UAV platform 

during flight to collect high-quality data, the need to provide accurate platform position information in terms 

of wavelength, and mitigating interference and other electromagnetic influences. 

 

 

2. METHOD 

This paper covers the development of a direction finder with certain technical characteristics. The 

emphasis is on creating a device with low cost, compact weight and size parameters, ease of implementation, 

energy efficiency, and providing the necessary accuracy of bearing measurement. The research results 

confirmed the success of the development of a phase direction finder, which is based on a two-channel 

LimeSDR transceiver with built-in analog-to-digital and digital-to-analog converters, operating in the 

frequency range from 100 kHz to 3.8 GHz. The need for efficient signal processing [16], [17] in conditions 

of a limited number of processing channels forced the introduction of sequential scanning of space through 

electronic scanning of the antenna radiation pattern (ARP) with a certain angular velocity. In this 

configuration, the direction of the UAV is expressed by the phase shift of the envelope of the received signal 

relative to the reference point, which corresponds to establishing the orientation to the North. Taking into 

account these technical features, the structure of a two-channel phase direction finder with amplitude 

modulation [18] of the signal is a complex device that meets the high requirements [19] for modern 

electronic intelligence systems, as described in previous works [20], [21]. The appearance of the system 

shown in Figure 2 reflects not only functional efficiency but also its compliance with current norms and 

standards in this area. 

 

 

 
 

Figure 2. Block diagram of a two-channel phase direction finder 

 

 

The structure of this radio direction finder implements an integrated sum-difference processing 

algorithm that performs sequential switching of antenna elements (AE) using a high-speed switch organized 

in a circle. This algorithm is a key element of space scanning and can provide high accuracy in determining 

the direction of a UAV. The unique features of cardioid pattern generation received signal processing, and 

UAV bearing estimation calculations will be analyzed in detail in subsequent sections. These features play an 

important role in ensuring the effectiveness of a direction-finding system, where taking into account the 

geometric and phase characteristics of the antenna system is critical to the accuracy of measurements. The 

antenna system (AS) of this direction finder is based on two orthogonal [22] direction-finding pairs (DF) 

[23], oriented in the north-south and east-west directions. Each pair consists of two biconical antennas with 
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broadband characteristics [24] and spaced apart from each other by a distance of 2𝑑 as shown in Figure 3. 

This configuration is designed to solve the problem of detection and disambiguation in determining the 

direction of a UAV [25]. Additionally, an omnidirectional (isotropic) antenna 𝐴0 is installed at the center of 

the antenna system, which contributes to the effective detection and resolution of uncertainty in the central 

part of the antenna system. This structure is aimed at increasing the accuracy of bearing determination and 

effectively solving the problem of radio direction found in difficult operating conditions. 

Let us consider the mathematical model of the formation of the resulting cardioid pattern, presented 

in Figure 3. The difference in the wave path from the antenna and (direction to “north” and “south”) to point 

will be 𝛥𝑟n(s)0 = 𝑑cosθ, which corresponds to the phase difference 𝛥𝜑n(s)0. The phase difference between 

antenna 𝐴2 and 𝐴4 (direction to “east” and “west”) and 𝐴0 – 𝛥𝜑e(w)0 (1): 

 

𝛥𝜑n(s)0 = 2𝜋𝑑cosθ/𝜆 and  𝛥𝜑n(w)0 = 2𝜋𝑑sinθ/𝜆 (1) 

 

where 𝜆 is the wavelength. In this case, the electromotive force (EMF) induced in the PP antennas will look 

like in Figure 3: 

 

𝛥𝜑n(s)0 = 2𝜋𝑑cosθ/𝜆 and  𝛥𝜑n(w)0 = 2𝜋𝑑sinθ/𝜆 (2) 

 

𝜉𝐴 1(𝐴 3)(𝑡) = 𝐸ℎ𝑒𝑗(𝜔𝑡±𝛥𝜑n0) and 𝜉𝐴2(𝐴 4)(𝑡) = 𝐸ℎ𝑒𝑗(𝜔𝑡±𝛥𝜑у0)  (3) 

 

where is the amplitude of the signal received by the AE, 𝜔 is central frequency of the radio signal, 𝑡 is time. 

The amplitude of the difference voltages of the “north-south” PP 𝜉𝛥13(𝑡) (4) is proportional to the cosine, and 

the “east-west” PP 𝜉𝛥24(𝑡) is proportional to the sine of the angle of arrival of the wave 𝜃 as shown in  

Figure 3.  

 

𝜉𝛥13(𝑡) = 𝑈𝑚 𝑐𝑜𝑠 𝜃 𝑒𝑗(𝜔𝑡+𝜋/2) and𝜉𝛥24(𝑡) = 𝑈𝑚sinθ𝑒𝑗(𝜔𝑡+𝜋/2) (4) 

 

where 𝑈𝑚 is the amplitude of the difference voltage. To form a cardioid pattern 𝑔𝛴(𝜃) = 1 + 𝑐𝑜𝑠( 𝛼 − 𝜃) as 

shown in Figure 3, for example, in the north direction (𝛼 = 0∘), the difference signal PP 𝜉𝛥13(𝑡) is summed 

with the AE signal 𝜉𝐴0
 (5), adder as shown in Figure 2. 

 

𝜉𝛴(𝑡) = 𝜉𝐴0
(𝑡) + 0.5𝜉𝛥13(24)(𝑡). (5) 

 

In this case, the formation of a cardioid is ensured if conditions (3), (4), and (5) are met: 

– the amplitudes of the signals of the central 𝐴0 and PP 𝐴1(3) AE are equal (𝜉𝐴0
= 𝜉𝐴1

= 𝜉𝐴3
); 

– the initial phases of the signals of the central 𝐴0 and the first 𝐴1 AE PP are equal to (𝜑𝐴0
= 𝜑𝐴1

); 

– the initial phases of the signals of the central and second 𝐴3 AE PP differ by 𝜋 (𝜑𝐴0
− 𝜑𝐴3

= 𝜋). 

 

 

 
 

Figure 3. Explanation of the principle of formation of the difference and resulting patterns 
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The use of a two-channel LimeSDR transceiver requires the use of a combined connection to the 

input circuit of the PP difference voltage receiver. Given this, the PP difference signals are connected to the 

second channel of the receiver through a high-speed switch controlled by a microcontroller (4), (5). The AE 

switching frequency of kHz, provided by a high-speed switch, makes it possible to generate a minimum of  

5–7 bearing estimates per contact with the UAV with the shortest duration of the UAV control channel signal 

(𝑇0ку = 500). The central AE signal is fed to the input of the first channel of the LimeSDR transceiver, 

which is used to solve the problems of detecting UAVs and forming the resulting cardioid pattern. Thus, the 

directional properties (DNA) of the antenna system are ensured through the sum-difference processing of the 

received signal with sequential high-speed AE switching. This antenna system has minimal weight and size 

characteristics and is represented by two PPs oriented in the cardinal directions (three-dimensional 

surrounding space) and one AE located in the center. The design of the AE in the form of a biconical antenna 

makes it possible to receive signals in the frequency range of 2.4 to 2.6 GHz with standing wave ratio values 

of 1.4–1.6. Let us consider the features of the method of processing the received signal in a phase direction 

finder. After summary processing, the resulting signal is sent to a spectrum analyzer as shown in Figure 4. 

Estimation of the instantaneous spectrum of a signal can be realized using a discrete or fast Fourier transform 

(FFT) using statistical averaging (periodogram method) (2)-(7). 

To reduce the level of side lobes, weight processing is used (𝑤 is the weight function). The algorithm 

for estimating the instantaneous signal spectrum for the 𝑛-th AE has the form (6): 

 

𝑆(𝜃)𝑖,𝑠 =
1

𝑁fft
∑ [𝑤𝑘𝜉𝛴

𝑘+(𝑠−𝑓𝑙𝑜𝑎𝑟{
𝑠

𝑁fft
}𝑁fft)

𝑁fft
2

exp (−
𝑗2𝜋 𝑘 𝑖

𝑁fft
)]

𝑁fft−1

𝑘=0

 (6) 

 

where 𝑓𝑙𝑜𝑜𝑟(⋅) is function of rounding to a smaller integer value; 𝑁fft is FFT window size; 𝑠 is frequency 

sample number (FFT filter); i  is FFT window number. Averaging the instantaneous spectrum in the 𝑠-th FFT 

filter over the time of signal reception by one AE (𝑇АЭ = 50) makes it possible to reduce its dispersion (7): 

 

𝑆𝛴(𝜃)𝑠 =
1

𝐿
∑ 𝑆(𝜃)𝑖,𝑠

𝐿−1
𝑖=0  (7) 

 

where 𝐿 = 𝑓𝑙𝑜𝑜𝑟{𝑇AE/(𝑁FFT 𝑡d)} is number of instantaneous spectrum samples of size 𝑁FFT when receiving a 

signal by one AE; 𝑡𝑑 is time sampling step. So, for example, with an FFT window size of 𝑁FFT = 64, a signal 

reception time off 𝑇АЭ = 50, and a sampling time step of ns, the possible number of instantaneous spectrum 

samples will be 𝐿 = 23. An additional reduction in the variance of the spectrum estimate is provided by 

using the Welch method, which is one of the nonparametric methods for estimating the power spectrum and 

has greater accuracy than the Bartlett periodogram method. In the Welch periodogram method, the time 

sample is divided into overlapping segments (most often by value 𝑁бпф/2). 

 

 

 
 

Figure 4. Block diagram of a spectrum analyzer for a two-channel phase radio direction finder 
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3. RESULTS AND DISCUSSION 

Biconical antennas are a phenomenal choice for a variety of applications requiring an omnidirectional 

radiation pattern and a wide operating frequency band. These antennas are a key component of the antenna 

system of a two-channel phase direction finder, providing unique signal reception capabilities. One of the key 

features of biconical antennas is their low directionality. These are specially designed speaker elements that 

provide the ability to simultaneously receive signals from a wide angular sector. This is a significant 

advantage in situations where it is necessary to cover a large area and obtain data from different directions. 

The cardioid beamforming method is another important characteristic. This method eliminates reception of 

signals from the rear of the antenna system, as well as crosstalk signals. This approach significantly improves 

system performance and security by minimizing the possibility of interference and interference from 

unwanted signal sources. The received signal power is estimated by four antenna elements, which transmit 

data to the bearing estimation unit. This block includes four processing stages, each of which represents an 

important step in the process of accurately finding the direction of a signal. This integrated approach ensures 

efficiency and accuracy in a variety of operating conditions, making the system resilient to environmental 

changes and external influences. The signal direction estimation algorithm is designed to provide high 

performance in a variety of use cases as shown in Figure 5. This includes the ability to operate in conditions 

of variable signal strength, varying noise levels and changing environmental characteristics. This adaptive 

approach ensures stable and reliable operation of the system in various situations. Biconical antennas and their 

incorporation into a dual channel phase finder antenna system provide a powerful combination of technologies 

to provide efficient and accurate direction finding of signal direction. Their unique characteristics make them an 

ideal choice for applications that require broadband operation and omnidirectional sensitivity to signals from 

multiple directions. 

 

 

 
 

Figure 5. Structure of the bearing estimation block 

 

 

In the first stage, to expand the number of bearing estimates to an UAV, a sliding buffer is used, as 

presented in Figure 5. This mechanism provides storage of signal power values received by four antenna 

elements 𝑆буф(𝜃)𝑗 = ‖𝑆𝛴(𝜃)1𝑆𝛴(𝜃)2𝑆𝛴(𝜃)3𝑆𝛴(𝜃)4‖ (where is the buffer state number) as shown in Figure 6. 

An innovative idea is to use a moving buffer to store signal strength information over a specific time interval. 

This approach opens up the possibility of creating time series data, which in turn allows us to more 

effectively account for the dynamic changes in signals coming from UAVs. This innovative method provides 

more accurate and reliable estimates of the direction of movement. The operating principle is that signal 

information is not lost instantly but is stored in a moving buffer for a certain period of time. This creates the 

ability to analyze data over time, capturing changes in signals over time. This approach is an extremely 

important element of the bearing estimation method. One of the key advantages of this concept is the ability 

to adapt to different surveillance scenarios. A moving buffer allows you to effectively take into account the 

variability of signals from a UAV under various conditions, such as changes in flight altitude, movement 

speed, and other factors affecting signal characteristics. In addition, the use of a moving buffer provides 

stability and reliability in estimating the direction of motion even with changing signal dynamics. This is 

especially important in the context of diverse surveillance scenarios, where conditions may change suddenly 

and require rapid system adaptation. Thus, the effective use of a moving buffer represents an important step 

in ensuring the robustness and accuracy of the bearing estimation method for systems dealing with signals 

from unmanned aerial vehicles. This innovative approach not only improves system efficiency but also 

ensures reliability in a variety of scenarios and operating conditions. 
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Figure 6. Explanation of the principle of using a sliding buffer 

 

 

The operating principle of the sliding buffer 𝑆𝐹𝐹𝑇(θ)𝑗 is as follows. After each AE switching, the 

contents of the buffer are updated (the signal power values are shifted by one cell “to the left” and the new value 

is written to the far right). So, for example, during the first full revolution of the beam (review cycle), the sliding 

buffer is filled with estimates of the signal power received by four AEs (state 1 and 𝑗 = 1 (𝑗 = 1, 𝑘, where is the 

possible number of buffer states, determined by the observation time of the UAV), Figure 6. As a result, the 

vector 𝑆FFT(θ)1 is formed, which is used to calculate the first estimate of the bearing on the UAV �̂�1. When a 

sgnal is received by the second AE (state 2 and 𝑗 = 2, Figure 6) the next update is carried out (shifting the 

buffer data “to the left” and recording a new signal power value). The result of the displacement is the formation 

of the vector 𝑆FFT(θ)2, which is used to calculate the second estimate of the bearing on the UAV �̂�2. Te 

procedure continues until the decision is made that there is no UAV (𝐴0
∗ ). Due to the serial connection of the 

difference voltage PP to the input circuit of the receiver and the high switching frequency of the AE  

(𝛺А = 5 kHz), the considered approach allows the generation of at least 5–7 bearing estimates when receiving 

the UAV control channel signal for a time of 𝑇0cc = 500. 

At the second stage, the degree of proximity (mean square error 𝛿𝑆(𝜃)) of the envelope of the received 

signal (output of the sliding buffer 𝑆𝐹𝐹𝑇(θ)) to the reference (𝜂э) is determined by (8), (9), and (10). 

 

𝛿𝑆(𝜃)𝑗,𝑘 = ∑ |𝑆fft(𝜃)𝑗,𝑛 −  𝜂э(𝑛⋅90, 𝑘)|
2

𝑁АЭ−1

𝑛=0
 (8) 

 

where 𝑁AE = 4 – number of AE PP; 

 

𝜂э(𝑞,𝑘) = 0.25[1 + 𝑐𝑜𝑠( 𝑞𝛥𝜃 − 𝜑0𝑘)]2 (9) 

 

where 𝛥𝜃 is angular direction change step; 𝑞 is angular direction step number (𝑞𝛥𝜃 = (0. . .360)∘);  

𝜑0𝑘 = 𝑘𝛥𝜑 is the initial phase of the reference envelope; 𝑘, 𝛥𝜑 is number and step of change of the initial 

phase, respectively (𝑘𝛥𝜑 = (0. . .360)∘). At the third stage, a one-time estimate of the bearing on the UAV 

is assessed (according to the criterion of minimum mean square error, expression (7) by expression (5) . 

 

�̂�𝑗 = 𝑎𝑟𝑔[ 𝑚𝑖𝑛
𝑘

(𝛿𝑆(𝜃)𝑗,𝑘)] (10) 

 

where 𝑚𝑖𝑛( ⋅) is a function of finding the smallest value of a variable. For example, for the example under 

consideration, the minimum value will correspond to a direction to the UAV equal to. It should be noted that 

using a sliding buffer (stage 1) requires bearing adjustments. So, for example, it is necessary to subtract from 

the second bearing estimate, from the third. In this case, the expression for calculating the one-time direction 

estimate for the UAV will take the form: 
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�̂�adj 𝑗 = {
�̂�𝑗 − 90 ⋅ mod[(𝑗 − 1), 𝑁АЭ],                if �̂�𝑗 ≥ 90 ⋅ mod[(𝑗 − 1), 𝑁АЭ];

�̂�𝑗 − 90 ⋅ mod[(𝑗 − 1), 𝑁АЭ] + 360,   if �̂�𝑗 < 90 ⋅ mod[(𝑗 − 1), 𝑁АЭ],
 (10) 

 

where 𝑚𝑜𝑑[⋅] is function for calculating the remainder of division. At the fourth stage, one-time bearing 

estimates are averaged over the time of contact with the UAV 𝑇n (11): 

 

�̂�RS =
1

𝑁𝑇н
∑ �̂�adj 𝑗

𝑁𝑇н−1

𝑗=0
 (11) 

 

where 𝑁𝑇н is number of bearing estimates on the UAV received during contact with it 𝑇н. The developed 

algorithm for determining the direction of UAVs represents a significant achievement in the field of accuracy 

and efficiency of the direction-finding system. This algorithm allows you to generate bearing estimates with a 

low standard deviation, not exceeding a value in the range of (3-5) (depending on test conditions) at a 

distance of up to 1,000 meters. The obtained values are comparable to the bearing measurement errors in 

radio direction finders using a four-channel scheme for processing the received signal. This emphasizes the 

high accuracy of the developed two-channel phase direction finder and its ability to meet the precision 

guidance requirements of countermeasures against small-sized UAVs. The main disadvantage of the two-

channel scheme, compared to the four-channel one, is the higher probability of missing UAV signals with a 

minimum duration. However, this disadvantage is compensated by the fact that the UAV's radio control and 

data transmission channel signals are constantly emitted. This solution effectively eliminates the main 

disadvantage of a two-channel phase direction finder, providing stable and continuous signal perception even 

with minimal data transmission duration. Thus, a dual-channel direction finder is an effective means for 

accurately estimating the direction of a UAV, providing high accuracy and stability even in the face of 

variable signal dynamics. Its ability to reduce the standard deviation of bearing values to (3-5) at distances 

up to 1,000 meters highlights its effectiveness in demanding application scenarios. 

 

 

4. CONCLUSION  

This article presents an original contribution to the problem of reducing direction finding errors as 

part of the development of an algorithm for estimating the direction of a UAV. The proposed algorithm is 

based on the use of the phase method, which demonstrates high efficiency. By processing the received signal, 

it was possible to achieve an accurate determination of the direction to the source of radio emission (RES). 

The solution uses a microwave unit design with minimal complexity and computational load using the 

LimeSDR radio platform. This platform stands out among other software-defined radio (SDR) projects in 

terms of efficiency and cost, and also has high RF performance. The LimeSDR architecture, based on the 

Lime Microsystems LMS7002M radio chip, provides maximum accuracy in the direction-finding process 

and is open to future functionality improvements, making it a promising platform for further research in the 

field of radar and direction finding of UAVs. It should be noted that the following conclusions based on the 

research results: i) the two-channel phase direction finder stands out for its compact and lightweight design, 

offering a cost-effective alternative to four-channel direction finders with similar functionalities. Its 

economic advantage is further emphasized by its minimal power consumption requirement, operating 

efficiently at 5 volts. This achievement is facilitated through the formation of a beam pattern resembling a 

cardioid shape. The directional information is extracted through sum-difference processing of the received 

signals, involving sequential switching of the AE. The accuracy of bearing estimates on the UAV is enhanced 

by employing the periodogram method for signal power estimation. Additionally, a sliding buffer is 

employed to increase the number of bearing estimates, contributing to a more precise determination of the 

UAV's direction. In summary, this two-channel phase direction finder offers a compelling combination of 

compactness, cost-effectiveness, and efficiency in power consumption, making it a promising solution for 

directional sensing applications on small unmanned platforms; ii) the algorithm for determining the direction 

to the RES in a two-channel phase direction finder includes 4 stages. At the first stage, the use of a sliding 

buffer makes it possible to increase the number of bearing estimates from two to 5–7 with a serial connection 

to the input circuit of the receiver of the differential voltage PP and a high AE switching frequency (kHz) for 

the minimum possible duration of the radio signal of the UAV control channel μs. At the second stage, the 

degree of proximity of the received signal envelope to the reference one is determined (expression (7)). At 

the third stage, a one-time estimate of the bearing on the RES is formed according to the criterion of 

minimum mean square error (expression (9)). At the fourth stage, one-time estimates of the bearing are 

averaged over the time of observation of the RES to increase the accuracy of determining its direction 

(expression (11)); and iii) the algorithm developed for ascertaining the direction to the RES in a two-channel 
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phase radio direction finder demonstrates remarkable precision. The generated bearing estimates exhibit a 

standard deviation that, under varying test conditions, does not exceed values typical for distances of up to 

1,000 meters. Notably, these achieved results are comparable, if not superior, to the bearing measurement 

errors observed in radio direction finders equipped with a more complex four-channel received signal 

processing circuit. This highlights the efficacy of the proposed algorithm in providing accurate directional 

information, even in conditions where distance is a critical factor. The algorithm's ability to match or surpass 

the performance of systems with additional channels underscores its efficiency and reliability in practical 

scenarios, making it a valuable contribution to the field of radio direction finding technology. 
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