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This paper investigates the feasibility of integrating a broadband matching
device (BMD) with a high-frequency switch into the antenna system of the
MIC RL-400M radio relay station, part of the "ROSA" radar complex. The
aim is to compensate for antenna impedance changes caused by adverse
weather conditions such as snowfall, icing, and wet snow, which reduce
power transmission efficiency. Various types of high-frequency switches,
including relays, PIN diodes, and transistors, were analyzed. A transistor-
based switch (HMC349AMS8G) was selected due to its low insertion loss,
high reliability, and wide operating frequency range. The BMD structure
was synthesized to minimize impedance variation, and its performance was
evaluated through simulation in AWR Microwave Office and experimental
measurements in the 394-450 MHz range. Results showed an average power
loss reduction of 0.7 dB and a 6.9% increase in radio link range compared to
operation without a switch. The proposed solution enhances the stability and
efficiency of radar and radio relay systems, ensuring reliable operation in
challenging environmental conditions.
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1. INTRODUCTION

Modern radar [1]-[3] and radio relay communication systems [4]-[6] play a key role in ensuring
stable command and control of troops and transmission of data on the radar situation. Such systems are
especially important in combat conditions [7], [8], where rapid deployment, reliability and resistance to
external influences are required [9], [10]. The MIC RL-400M radio relay station of the ROSA radar complex
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is a striking example of equipment that provides automatic information exchange in the frequency range from
394 to 450 MHz. However, the operation of such systems in difficult weather conditions, including heavy
snowfall, icing, and temperature changes, leads to a change in the antenna impedance, which reduces the
efficiency of power transmission between the receiving and transmitting modules (TPM) and the antenna
system. These changes can negatively affect the range of the radio link and the quality of the received signal,
which is critical in operational control and combat conditions.

The relevance of the topic lies in the need to improve the reliability and efficiency of radar systems
in extreme operating conditions. Stable operation of antennas and optimization of power transmission are
especially important to ensure high accuracy of data transmission [11], [12], which ultimately affects the
success of military operations and control in critical situations. The problem of the study is a significant
decrease in the power transfer coefficient (PTC) of radio relay system antennas under adverse weather
conditions [13]. This is caused by a change in the antenna impedance, which leads to power losses and a
decrease in the range of the radio link. Without eliminating this problem, the overall efficiency of the
communication system decreases, which can affect its ability to transmit important data in extreme operating
conditions. The solution to the problem involves the development and implementation of a wideband
matching device (WMD) in the signal transmission path [14]-[16], capable of compensating for impedance
changes. In addition, it is proposed to use high-frequency switches that will allow choosing the optimal
antenna operating mode depending on the operating conditions. This will stabilize power transmission and
increase the reliability of radio relay stations. The purpose of this work is to study the possibility of using a
high-frequency switch together with a control unit to compensate for changes in antenna impedance caused
by adverse weather conditions. To achieve this goal, it is necessary to analyze existing types of switches,
synthesize an optimal control unit and simulate the proposed solution to evaluate its effectiveness. As part of
the study, an analysis of various types of switches was carried out, a control unit was synthesized taking into
account changing antenna characteristics and external factors, and a simulation of the proposed solutions was
performed. The results of the work are of great practical importance for improving the characteristics of radio
relay stations and increasing their operational capabilities in a wide range of weather conditions.

2. METHOD

In radio communication systems, which are of exceptional importance in organizing stable
command and control of troops in modern combat conditions, as well as transmitting data on the radar
situation, very high frequency/ultra high frequency (VHF/UHF) radio stations are used [17], [18], allowing
operation in a wide frequency range (30-3000 MHz) in various operating conditions [19], [20]. Thus, the
ROSA-RB radar complex, which is used both in stationary and mobile modes, ensures detection of aerial
reconnaissance or attack assets flying at low and ultra-low altitudes and posing the greatest threat, where the
VHF radio relay station MIC RL-400M is used as information transmission equipment (Figure 1). The radio
relay station [21], [22] ensures automatic exchange of radar information, commands, reports and transmission
of output route information from a small-sized radar station [23]-[25] to remote control systems (RCS).

Figure 1. Radio relay station MIK-RL400M

The experimental measurements were carried out using a Rohde & Schwarz ZNB20 vector network
analyzer (VNA) connected to the antenna system via low-loss coaxial cables with N-type connectors. The
analyzer was calibrated using the short-open-load-through (SOLT) method with a certified calibration kit
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prior to each measurement series to ensure accuracy. Baseline “normal” conditions were defined as ambient
temperature of +20 +2 °C, relative humidity of 40-50%, wind speed below 2 m/s, and absence of
precipitation. Environmental parameters during experiments were monitored using a portable weather station
(Vaisala WXT530). For each weather condition (normal, snowfall, icing, and wet snow), impedance
measurements were repeated five times at one-hour intervals to minimize transient effects, and the results
were averaged. Standard deviation and 95% confidence intervals were calculated to quantify measurement
uncertainty. The simulation was performed in AWR Microwave Office using an equivalent circuit model of
the antenna system with and without the broadband matching device (BMD) and high-frequency switch. The
frequency sweep was set from 394 to 450 MHz with a step size of 1 MHz. The load impedance was set to
50 Q, and the BMD parameters were based on the synthesized reactive elements shown in Table 1. Boundary
conditions assumed free-space propagation without multipath effects. The choice of this configuration
reflects typical operational conditions of the MIC RL-400M in the field, enabling realistic performance
estimation.

Table 1. Parameters of reactive elements of a BMD
Element  Value (nominals)  Quality

C, 244 pF 200
C, 7.15 pF 200
L 178 nH 80
L, 28.7nH 80

During combat operations, the radar complex is forced to constantly maneuver and change its
position. In such a situation, the complex is often forced to conduct combat operations on unprepared terrain
and in difficult weather conditions. This leads to changes in the range and direction of the radio link for
transmitting data by the radio relay station. It should be noted that changes in the operating conditions of the
RTS lead to variations in the impedance of the antenna device (AD) and, consequently, the level of power
transmission between the receiving and TPM and the antenna. This reduces the potential capabilities of the
station and can affect decisions made during troop control and air combat. To solve the problem of increasing
the efficiency of power transmission of the radio relay station MIK RL-400M of the ROSA radar complex, a
comprehensive approach was used, including the following stages.

2.1. Experimental studies

Antenna impedance measurements were carried out in the frequency range from 394 to 450 MHz
under various weather conditions: snowfall, icing, wet snow, and normal conditions. The obtained data are
presented as a dependence of the real and imaginary parts of the antenna impedance (1):

Z(f) =R(N) +] 1)

where R(f) is the active component of impedance, and X(f) is the reactive component. The experiment
established that weather conditions cause changes in R(f) and X (f), leading to a reduction in the PTC K (f).
This deviation is illustrated in the graphs of the dependence of K (f) on frequency.

2.2. Synthesis of a broadband matching device
The BMD synthesis was performed to minimize changes in antenna impedance and ensure a high
PTC. In (2) served as the basis for the synthesis:

K(f) — Pload(f) _ | Zload (2)

PSOU.TCE (f) ZSO'LLTCE

where P_load is the power transmitted to the load, P_source is the source power, Z_load and Z_source are
the impedances of the load and source, respectively. Table 1 presents the parameters of reactive elements
used in the BMD. The table lists the following elements: two capacitors (C_1 and €_2) and two inductors (L1
and L2). For each element, the nominal values are provided, expressed in picofarads (pF) for capacitors and
nanohenries (nH) for inductors. The table also includes the quality factors, characterizing the performance of
the reactive elements.

Three types of high-frequency switches were analyzed: relays, PIN diodes, and transistors. Based on
the comparative characteristics, a circuit based on the HMC349AMSS8G transistor switch was selected, which
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has the following parameters: bandwidth of 100 MHz—4 GHz, insertion loss of 0.7 dB at a frequency of
f<2 GHz, isolation of 43 dB.

2.3. System simulation

Simulation was performed in AWR Microwave Office. Two configurations were considered, such
as antenna operation with a bias control system (BCS) without a switch and antenna operation with a BCS
and a switch. The graph of the dependence of the PTC K (f) on frequency is shown in Figure 2.
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Figure 2. Dependence of PTC K (f) on frequency under different conditions

2.4. The final formula for assessing the range of the radio link
The results of the modeling showed that the synthesized matching/impedance-matching unit
together with the switch allows to reduce power losses and increase the range of the radio link (3):

| PexGeGrA?

Rmax = /m 3
where P, is the transmitter power, G;, G, is the gain of the transmitting and receiving antennas, A is the
wavelength, and P_min is the minimum receiver power. The comparison showed that using the SHSU with a
switch increases the range of the radio link by 6.9%. All presented methods and models confirmed the
effectiveness of the proposed solution, providing a significant increase in the stability of signal transmission
and the reliability of the radio relay station in difficult operating conditions.

To select the most suitable high-frequency switch for integration with the BMD, a comparative
evaluation of three widely used types relays, PIN diodes, and transistor switches was carried out. The

comparison considered critical parameters such as operating frequency range, insertion loss, isolation,
switching speed, and overall reliability. The summarized results are presented in Table 2.

Table 2. Comparative characteristics of high-frequency switches
Insertion Switching

Switch type Frequency range loss Isolation speed Reliability Comment
Relay kHz—-GHz High Medium  Slow (ms) Medium  Not suitable for broadband,
limited lifetime
PIN diode MHz-GHz Medium Medium  Fast (ns—s) High Requires biasing, higher
complexity
Transistor 100 MHz—4 GHz 0.7dB @ 43 dB Fast (ns) High Optimal for wideband and
(HMC349AMS8G) f<2GHz low-loss integration
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As seen from Table 2, relays are limited by high insertion loss and slow switching speed, which
makes them unsuitable for broadband and high-reliability radar applications. PIN diodes demonstrate faster
operation and better reliability but require additional biasing circuitry and still introduce moderate losses. In
contrast, the transistor-based switch HMC349AMSS8G provides the most balanced performance, with low
insertion loss, wide operating bandwidth, and high isolation. Therefore, this device was selected as the
optimal solution for integration with the broadband matching network in the MIC RL-400M radio relay
system.

3. RESULTS AND DISCUSSION

To confirm the above, an experiment was conducted using the antenna systems of the MIK-
RL400M radio relay station. The experimental studies were conducted in several stages. The idea of the
studies was to measure the impedance of the AU in natural conditions of its operation (in heavy snowfall and
icing, when wet snow hits the AU, as well as in normal conditions, without precipitation) in the frequency
band from 394 to 450 MHz. The dependencies of the impedance of the AU in normal conditions were used as
a reference value. One of the stages of the experiment is shown in Figure 3.

The results of the experimental studies are presented as the dependence of the real component of the
complex impedance of the matching device (Figure 3(a)) on frequency under various operating conditions.
Similarly, the imaginary component of the complex impedance is shown in Figure 3(b). These dependencies
illustrate the impact of different environmental factors on the performance of the matching device.

Figure 3. Measurement of matching device parameters under snow cover conditions; (a) measurement setup
with snow accumulation on the antenna system and (b) laptop interface displaying measurement data during
snow cover conditions

The proposed solution can be applied not only to the MIC RL-400M but also to other radar and
communication systems operating in similar frequency ranges, including shipborne and mobile platforms.
Integration of adaptive matching and switching devices can enhance operational readiness in military and
civilian applications, such as air traffic control, coastal surveillance, and emergency communications. The
approach is scalable to higher frequency bands with appropriate re-design of the matching network and
selection of suitable switch components.

Quantitative comparison between the baseline (antenna without BMD and switch) and the proposed
configuration (antenna with BMD and HMC349AMS8G switch) is presented in Table 2. On average, the
improved configuration reduced power losses by 0.7 dB and extended the radio link range by 6.9%. These
values were consistent across repeated trials, confirming the robustness of the approach.

The conducted study confirmed the effectiveness of integrating a high-frequency switch with a
BMD in the antenna system of the MIC RL-400M radio relay station, particularly under adverse weather
conditions. Experimental results showed that environmental factors such as snowfall and icing significantly
affect the real and imaginary components of antenna impedance, which leads to a reduction in the PTC. The
synthesized BMD, based on reactive elements selected for optimal frequency compensation, successfully
minimized impedance mismatches. The integration of the transistor-based switch HMC349AMS8G
demonstrated considerable advantages in terms of adaptability, power efficiency, and operational bandwidth.
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This solution proved to be superior to alternatives such as relays and PIN diodes, which are limited by higher
losses or additional circuit complexity. System-level simulations further confirmed that the proposed
configuration increases the radio link range by 6.9%, ensuring more reliable communication during mobile
operations. Although a 6.9% increase in range may appear modest, in operational scenarios this translates
into several additional kilometers of reliable communication. For radar and relay systems used in mabile or
combat operations, this extended range can determine whether a stable link is maintained under adverse
weather conditions, directly influencing situational awareness and command effectiveness. The practical
value of the developed approach is especially relevant for modern radar platforms, where robust performance
and mobility are critical under operational stress. The choice of a transistor switch also reflects the growing
demand for compact, low-loss, and broadband-compatible components in advanced communication systems.
Overall, the results contribute to improving the stability and efficiency of radio relay systems and can serve
as a foundation for further modernization of radar and relay technologies.

The results of this study complement and extend prior research on antenna matching under adverse
weather conditions by demonstrating the added value of integrating a BMD with a transistor-based switch.
Unlike earlier works that primarily analyzed switches or matching networks separately, the present study
highlights the benefits of their combined use, thereby offering a novel and more resilient solution for radar
and relay applications.

In future studies, the focus will be on deeper integration of the BMD and transistor switch into
adaptive antenna systems. This includes optimizing the matching network for multi-band operation, testing
switch performance under extreme environmental stress (icing, high humidity, and rapid temperature
fluctuations), and developing real-time control algorithms that dynamically select optimal matching and
switching configurations. Such improvements will ensure more robust antenna matching and reliable switch
integration across a broader class of radar and relay systems. Future work will specifically focus on
strengthening the integration between the BMD and the high-frequency switch. In particular, future studies
will investigate the co-optimization of switch states and matching-network reactances to achieve real-time
impedance compensation under dynamically changing environmental conditions. Another important direction
is the development of adaptive algorithms capable of monitoring the antenna’s impedance in situ and
automatically selecting the optimal switch configuration to maximize the power-transfer coefficient.
Additionally, expanding the proposed methodology to multiband antennas and higher-frequency relay
systems will enable broader applicability of the integrated switching-matching architecture.

While the proposed approach demonstrates measurable improvements, several limitations should be
acknowledged. Measurement uncertainty, primarily due to VNA calibration drift and connector repeatability,
could influence the reported power loss values by up to £0.05 dB. Environmental variability during field
tests, particularly fluctuations in wind speed and snow accumulation rate, may have introduced additional
variations in impedance readings. The simulation model in AWR Microwave Office assumes free-space
propagation and does not account for terrain effects or multipath interference, which could affect
performance in real deployments. Furthermore, the study was limited to a single frequency range
(394-450 MHz), and results may not directly transfer to other frequency bands without re-optimization of the
BMD parameters.

4. CONCLUSION

The study confirmed the effectiveness of integrating a BMD with a high-frequency transistor switch
into the antenna system of the MIC RL-400M radio relay station to mitigate impedance variations under
adverse weather conditions. Experimental measurements in the 394-450 MHz range showed that snowfall,
icing, and wet snow significantly degraded the PTC, while the proposed solution reduced average power loss
by 0.7 dB and extended the radio link range by 6.9% compared to the baseline configuration. The transistor-
based switch (HMC349AMS8G) was selected as the optimal choice due to its low insertion loss, wide
operating frequency range, and high isolation, ensuring reliable operation in severe environmental conditions.
The results have practical value for enhancing the stability and efficiency of both stationary and mobile radar
and radio relay systems. Future work will focus on optimizing the BMD for broader frequency coverage,
testing under more extreme environmental conditions, and developing automated control algorithms to
dynamically adjust antenna matching in real time.
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