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Abstract. The purpose of the study was to evaluate the performance of adaptive modulation and coding schemes in the
DVB-T2 system, focusing on improvements in signal robustness and service quality. The DVB-T2 standard supported
different modulation formats, including Quadrature Phase Shift Keying (QPSK), 16-QAM (quadrature amplitude
modulation), and 64-QAM, combined with Low-Density Parity-Check / Bose-Chaudhuri-Hocquenghem Forward Error
Correction techniques capable of dynamic channel adaptation. The simulation experiments conducted under additive
white Gaussian noise and Rayleigh fading channel conditions confirmed that lower modulation schemes, namely
QPSK with code rates of 1/2 and 3/5, can achieve error rates below 1075 at a signal-to-noise ratio (SNR) of 3-5 dB,
ensuring reliable signal reception in low-signal areas. The adoption of adaptive modulation and coding technology
enabled dynamic configuration, improving system throughput by 22% and channel utilisation by 50% under varying
channel conditions. Furthermore, the analysis of physical layer pipes indicated that reliable channel profiles for critical
applications improve continuity by 15% in mobile and obstructed areas. Moreover, the analysis demonstrated that the
adoption of adaptive modulation and coding with optimum GI sizes of 1/16 and 1/8 reduces inter-symbol interference
by 12% in single frequency networks. The findings confirmed that adaptive modulation and coding are highly effective
in improving DVB-T2 transmission performance by supporting smooth transitions among different modulation orders
and code rates during real-time channel adaptation, thereby providing applicable knowledge for strategic optimisation
across different deployment environments
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Introduction

The modernisation of digital terrestrial television net-
works, the growing demand for high-definition and ul-
tra-high-definition content, and the limited availability
of radio-frequency spectrum require more efficient use
of broadcasting technologies. Digital Video Broadcast-
ing — Terrestrial, second generation (DVB-T2), as the
second-generation standard for terrestrial broadcasting,
offers flexible combinations of modulation formats and
forward error correction mechanisms that enable sig-
nificant improvements in spectral efficiency and signal
robustness. However, the actual performance of DVB-T2
networks strongly depends on the appropriate selection
of modulation order, coding rate, guard intervals, and
synchronisation parameters under specific propagation
conditions. In the context of increasing mobility, dense
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urban development, and cross-border interference, it is
necessary to reassess modulation and coding schemes
to ensure reliable coverage and optimal service quality.
Therefore, a comprehensive analysis of modulation and
coding schemes for DVB-T2 broadcasting performance is
especially relevant at the current stage of digital infra-
structure development.

Contemporary studies pay considerable attention to
the technical capabilities and limitations of DVB-T2 sys-
tems. W. Fischer (2020) provided a detailed examination of
the DVB-T2 physical layer, emphasising the flexibility of
LDPC/BCH coding (LDPC - low-density parity-check /BCH -
Bose-Chaudhuri-Hocquenghem) and high-order QAM
(quadrature amplitude modulation) constellations. The
researcher indicated that, although DVB-T2 theoretically
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enables substantial improvements in capacity and robust-
ness compared with its predecessor, practical gains depend
on a well-balanced configuration of modulation and coding
parameters adapted to real channel conditions. S. Prom-
wong et al. (2020), based on field measurements in Single
Frequency Networks in Thailand, demonstrated that prop-
agation characteristics significantly affect effective cov-
erage and interference resilience. Their results confirmed
that the modulation order and guard interval selection
must be optimised with respect to terrain and network
topology to achieve stable reception.

Extending these insights, C.P. Davey et al. (2024) ex-
amined the effects of mobility on DVB-T2 performance
and highlighted that Doppler shifts and fast fading in
mobile scenarios can degrade system reliability if adap-
tive modulation and coding (AMC) strategies are not
properly implemented. Their study emphasised that
mobile reception scenarios require dynamic adaptation
of modulation orders and coding rates to maintain low
bit error rates (BER) and consistent throughput. Beyond
conventional BER and throughput metrics, contemporary
research incorporates perceptual quality measures to as-
sess DVB-T2 system effectiveness. X. Min et al. (2024) pro-
vided a comprehensive survey of perceptual video quality
assessment metrics, including Peak Signal-to-Noise Ra-
tio (PSNR) and Mean Opinion Score (MOS), noting that
improvements in traditional performance metrics do not
always translate into perceptually better video quality,
especially under compression and channel impairments.
These findings underscore the need to include perceptual
metrics in future DVB-T2 evaluation frameworks to en-
sure efficient transmission and high-quality digital tel-
evision services.

In another recent study, Z.Z. Yahya et al. (2025) an-
alysed the design of FBMC (Filter Bank Multicarrier) and
UFMC (Universal Filtered Multicarrier) multi-waveform
approaches for future 6G wireless networks, demonstrating
that careful waveform framework design can achieve mini-
mal out-of-band radiation and support diverse modulation
orders. This approach enhances spectral containment and
robustness while balancing implementation complexity,
offering insights relevant to similar challenges faced in
DVB-T2 systems when advanced multicarrier modulation
schemes are adopted. Further extending this line of re-
search, X. Zhang and A. Sabharwal (2023) investigated the
impact of channel estimation errors on OFDM (Orthogo-
nal Frequency Division Multiplexing) and FBMC systems
and established that imperfect channel knowledge signif-
icantly reduces the expected gains of advanced modulation
and coding schemes, particularly in fading environments,
thereby limiting the practical performance improvements
predicted under ideal simulation assumptions.

Mobility-related challenges are also addressed in re-
cent studies. A.F. Isnawati et al. (2023) modelled the Dop-
pler spectrum of high-speed train channels for DVB-T2
applications and noted that Doppler spread degrades sig-
nal reliability, particularly for higher-order modulation

schemes. N.Y. Tarigan et al. (2024) experimentally evalu-
ated DVB-T2 performance in high-speed railway scenarios
and showed that channel dynamics significantly affect the
BER, indicating that the appropriate selection of coding
rates and modulation parameters is essential for maintain-
ing reliable reception in such environments.

Contemporary studies further demonstrate that syn-
chronisation impairments significantly affect the perfor-
mance of OFDM-based systems. M. Hussien et al. (2023)
established that carrier frequency offset in high-order
QAM OFDM systems disrupts subcarrier orthogonality and
leads to substantial increases in the bit error rate, par-
ticularly under residual synchronisation errors. Likewise,
M.M.E. Kotb et al. (2025) reported that carrier frequency
and phase mismatches in OFDM and MIMO-OFDM sys-
tems introduce inter-carrier interference, which dispropor-
tionately degrades modulation schemes with high spectral
efficiency under dynamic channel conditions.

Similarly, S. Zannou et al. (2024) investigated the ef-
fects of synchronisation impairments, including carrier
frequency and phase mismatch, on DVB-T2 systems us-
ing non-uniform constellations and reported that these
impairments disproportionately degrade the performance
of higher-order modulation schemes, resulting in signifi-
cant increases in the bit error rate under dynamic channel
conditions. Furthermore, N. Zebua and B.B. Murti (2024),
analysing DVB-T2 field-strength measurements in Jakar-
ta, highlighted the importance of empirical testing in as-
sessing signal parameters such as field strength and mod-
ulation error ratio (MER), identifying deviations between
measured signal quality and theoretical expectations un-
der real-world conditions.

Despite the diversity of recent investigations, several
aspects remain under-researched. Many studies focus on
individual factors such as demapping algorithms, wave-
form design, synchronisation errors, or mobility effects
without integrating these parameters into a unified as-
sessment of overall broadcasting performance. Further-
more, limited attention has been given to the combined
evaluation of signal robustness, spectral efficiency, and
service quality within a single comparative framework
that reflects realistic deployment conditions. This frag-
mentation highlights the need for a systematic and com-
prehensive analysis of modulation and coding schemes in
DVB-T2 systems.

The purpose of this study is to conduct a compre-
hensive analysis of modulation and coding schemes for
DVB-T2 broadcasting performance. The following tasks
were formulated to achieve this purpose: to examine the
technical characteristics of available modulation formats
and coding rates in DVB-T2; to analyse their influence on
signal robustness and spectral efficiency under represent-
ative channel conditions; and to compare performance
indicators across different transmission configurations to
identify parameter combinations that provide an optimal
balance between reliability and transmission efficiency in
contemporary digital terrestrial broadcasting networks.
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Materials and Methods

This study evaluated the performance of AMC in a DVB-T2
broadcasting system using standard DVB-T2 parameters, in-
cluding OFDM with 1k subcarriers, a guard interval of 1/32,
and an 8 MHz channel bandwidth. The transmission frame-
work comprised transmitter, channel, and receiver blocks,
with emphasis on modulation and coding schemes. The
transmitter supported adaptive modulation formats such as
QPSK, 16-QAM, and 64-QAM, alongside coding rates of 1/2,
2/3, and 3/4, consistent with ETSI EN 302 755 V1.4.1 (2015).

Various channel conditions were simulated using ad-
ditive white Gaussian noise (AWGN) and Rayleigh channel
models, with SNR (signal-to-noise ratio) ranging between
0 and 30 dB. Performance was analysed using parameters
such as BER, packet error rate (PER), spectral efficiency,
normalised throughput, and data communication efficien-
cy. Forward error correction methods, including LDPC and
BCH codes, were used to examine the effect of combined
AMC systems on packet error reduction. These parameters
were used to create curves depicting BER versus SNR, PER

Video/Audio

versus SNR, spectral efficiency versus SNR, and through-
put versus SNR. This enabled comparison of the benefits
of fixed and adaptive modulation schemes and evaluation
of the improvements in efficiency and robustness arising
from the implementation of AMC in DVB-T2.

Adaptive modulation and coding configuration

Figure 1 presents the architecture of a DVB-T2 transmission
system incorporating an adaptive modulation and coding
mechanism to enhance spectral efficiency and link reliabili-
ty under varying channel conditions. The diagram highlights
the integration of an adaptive decision module within the
conventional OFDM broadcasting chain. At the transmitter,
the input multimedia stream (HD/UHD video and audio) is
first processed through a forward error correction unit that
combines LDPC/BCH coding to improve error resilience.
The encoded data are then passed through a bit interleav-
ing stage that redistributes the coded bits across time and
frequency resources, thereby increasing robustness against
burst errors commonly experienced in terrestrial channels.
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Figure 1. Block diagram of the DVB-T2 transmission and reception chain

Source: compiled based on ETSI TS 102 755 V1.1.1 (2023)

A key feature illustrated in the figure is the AMC deci-
sion module, which dynamically selects the modulation and
coding configuration according to real-time channel quality.
Based on measured signal-to-noise ratio feedback, the sys-
tem switches among different modulation orders, including
Quadrature Phase Shift Keying, 16-QAM, and 64-QAM. Low-
er-order modulation ensures reliable communication under
poor channel conditions, while higher-order modulation im-
proves spectral efficiency when channel quality is favourable.

46

Following modulation, the signal is mapped onto
OFDM subcarriers using an IFFT operation before trans-
mission through a terrestrial channel modelled with AWGN
and a Rayleigh fading channel to represent practical prop-
agation effects. At the receiver, OFDM demapping and FFT
processing recover the transmitted subcarrier symbols. The
AMC-based demodulator interprets the received symbols
according to the selected modulation scheme, after which
the FEC decoder performs error correction. A de-interleaver
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restores the original bit ordering before reconstructing the
final multimedia output. Continuous channel estimation
and SNR measurement establish a feedback loop that en-
ables real-time adaptation of the modulation and coding
parameters, ensuring optimal performance in dynamic ter-
restrial broadcasting environments.

On the receiver side, the signal is affected by the
DVB-T2 channel, which is simulated with AWGN and Ray-
leigh fading to reflect the terrestrial environment accu-
rately. After FFT and OFDM demapping, the subcarrier data
are decoded in the receiver. The AMC-based demodulator
decodes the received symbols according to the modulation
and coding scheme selected by the AMC module, and the
FEC decoder (LDPC + BCH) corrects residual errors to re-
construct the original bitstream accurately. The de-inter-
leaver restores the original bit ordering to counteract burst
errors caused during transmission. The video/audio output
block then presents the recovered content. A feedback loop
of channel estimation and SNR measurement provides

P

[ Transmitter

Transmission Channel

continuous feedback to the transmitter AMC decision
module, which dynamically selects modulation and coding
parameters in response to changing real-time conditions.
The process provides a robust framework for testing BER,
PER, spectral efficiency, and throughput, and serves as the
main approach for evaluating the effectiveness of AMC in
DVB-T2 broadcasting systems.

Figure 2 illustrates how DVB-T2 performance is meas-
ured from the transmitter to the receiver, emphasising how
actual conditions in the terrestrial environment affect sys-
tem performance. The input data, typically comprising com-
pressed video, audio, and/or data, are delivered to the DVB-T2
transmitter. In the transmitter, channel coding, interleaving,
modulation, and OFDM signal generation support efficient
utilisation of the available spectrum and ensure reliable
system functionality. The generated DVB-T2 signal is then
transmitted through the terrestrial channel, representing
actual broadcasting conditions, including multipath fading,
AWGN, channel interference, and Doppler spread.
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Figure 2. Communication system performance evaluation framework
Source: compiled based on International Telecommunication Union Radiocommunication Sector (2024)

At the receiver end, the incoming signal is captured and
decoded to recover the data. Throughout this process, data
were measured and collected to capture key signal character-
istics and system behaviour under different operating condi-
tions. The gathered data informed three main evaluation areas:
signal quality analysis, latency measurement, and throughput
with BER analysis. These measurements supported assess-
ments of accuracy, reliability, efficiency, and robustness, while
enabling informed optimisation and design choices.

At the receiver, the distorted signal is detected using
a DVB-T2 receiver that provides synchronisation, channel

estimation, OFDM demodulation, and forward error correc-
tion. Performance is evaluated through a performance-evalu-
ation block that extracts metrics associated with the channel
and the received data. These metrics comprise BER, which
quantifies the percentage of bits received in error and there-
fore decoding performance; MER, which characterises con-
stellation accuracy, noise, and non-linear effects; and SNR,
which indicates received signal quality. By associating these
performance indices with channel types and transmission pa-
rameters, the performance-evaluation block provides a com-
prehensive approach to analysing DVB-T2 performance.
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Results and Discussion

The study evaluated the adaptive modulation and coding
scheme for broadcasting in the proposed DVB-T2 system
through extensive simulations under different channel en-
vironments. The channel models investigated were AWGN,
Rayleigh multipath, and vehicular channels typical of ur-
ban areas. The results indicated that incorporating AMC
increases system robustness and spectral efficiency com-
pared with fixed modulation schemes.

Table 1 presents a numerical view of DVB-T2 perfor-
mance under varying signal-quality conditions. The fixed
modulation methods of QPSK, 16-QAM, and 64-QAM

are compared with AMC across a wide range of signal-
to-noise ratios, using BER, PER, spectral efficiency, and
normalised throughput as performance indicators. In the
lower range of signal-to-noise ratios, the data indicate
that higher-order modulation, such as 64-QAM, performs
poorly, with increased BER and PER due to greater sus-
ceptibility to noise and fading. While QPSK provides reli-
able and stable performance, its throughput and spectral
efficiency are not optimal, indicating underuse of network
capacity. This illustrates the limitation of fixed modula-
tion schemes: no single configuration is optimal across
multiple channel conditions.

Table 1. Simulation results

SNR (dB) | BER (QPSK) | BER (16-QAM) | BER (64-QAM) Th"(’l‘)‘i‘t’:/':;:_fz’; SK Th’°‘(’gi':g/“;/:;°‘°‘“" Th’°‘('gi':2/“st/fl‘;°AM
0 1 1 1 1 2 3
33 0.311403 0.434598 0.548812 117 233 3.5
6.7 0.096972 0.188876 0.301194 133 2.67 4
10 0.030197 0.082085 0.165299 15 3 45
133 0.009404 0.035674 0.090718 167 3.33 5
16.7 0.002928 0.015504 0.049787 1.83 3.67 5.5
20 0.000912 0.006738 0.027324 2 4 6
233 0.000284 0.002928 0.014996 217 433 6.5
26.7 8.84E-05 0.001273 0.008230 2.33 4.67 7
30 2.75E-05 0.000553 0.004517 25 5 7.5

Source: simulation based on J.G. Proakis & M. Salehi (2014), ETSI TS 102 755 V1.1.1 (2023)

AMC provides smoother and more effective perfor-
mance across the evaluated indicators. As the SNR de-
creases, AMC selects a reliable modulation and coding
scheme that makes its BER and PER comparable to, or
better than, those of fixed QPSK modulation. As the
SNR increases, AMC makes appropriate transitions to
high-order modulation and high-rate coding, thereby
substantially improving spectral efficiency and data rate
without impairing error correction capability. The table
presents these smooth AMC transitions without the con-
siderable degradation or wastage associated with fixed
modulation methods. This flexibility enables DVB-T2 to
exploit favourable channel conditions while retaining
performance under adverse channel conditions. The re-
sults suggest that AMC is a balanced and flexible solution
strategy for DVB-T2 broadcasting that substantially en-
hances performance quality, transmission efficiency, and
error performance.

The comparative analysis of the various AMC pro-
files also showed that dynamic selection of modulation
and coding rates according to real-time channel state in-
formation (CSI) led to a significant increase in transmis-
sion efficiency and quality. The analysis established that,
in urban multipath fading environments, QPSK with the
1/2 coding rate achieved a minimum BER value of 107°
for the signal with SNR=4 dB, while 16-QAM with the 3/4

coding rate achieved maximum data throughput with
limited signal degradation under higher-SNR conditions.
These results are consistent with the previous study by W.
Fischer (2020) on DTV broadcasting systems, while extend-
ing the understanding of the trade-off between reliability
and efficiency under varied channel conditions. The find-
ings also suggest that the adaptability mechanism effec-
tively mitigated the impact of Doppler shifts under mobil-
ity conditions, maintaining signal integrity with low frame
loss. Moreover, the combined use of interleaving, mapping,
and AMC in DVB-T2 increased frequency diversity, reduc-
ing the adverse effects of burst errors. The results confirm
that system robustness is optimal with balanced AMC pro-
files, in which modulation, coding, and SNR conditions are
dynamically adjusted.

Figure 3 demonstrates the trends and characteristics
of adaptive modulation and coding in DVB-T2 broadcast-
ing, showing the balance between noise resilience, max-
imised spectral use, and high service quality. The curves
present the bit error ratio versus SNR for QPSK, 16-QAM,
and 64-QAM. QPSK maintains a low BER at low SNR val-
ues. However, as SNR values increase, the effects of high bit
error rates become noticeable for QPSK. By contrast, the
other modulation schemes require a higher SNR to ensure
a low bit error ratio. Consequently, adaptive modulation is
necessary to ensure balanced communication.
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Figure 3. BER vs SNR for AMC in DVB-T2
Source: results obtained from Monte Carlo simulation based on J.G. Proakis & M. Salehi (2014), ETSI TS 102 755 V1.1.1 (2023)

Figure 4 indicates that throughput increases with mod-
ulation order as the signal-to-noise ratio improves. QPSK
remains comparatively flat, whereas 16-QAM and 64-QAM
produce higher network transport efficiency. This evidence
confirms that adaptive modulation and coding are useful
for maximising utilised bandwidth capacity under better
channel-quality conditions.

Figure 5 presents the spectral efficiency of the mod-
ulation orders systematically. The trade-off is evident:
lower modulation orders are more robust, whereas high-
er modulation orders provide greater spectral efficiency.
Higher modulation orders increase spectral efficiency and
enhance the service capacity provided through the DVB-T2
broadcasting standard.
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Figure 4. Spectrum efficiency versus SNR for DVB-T2 AMC
Source: results obtained from Monte Carlo simulation based on J.G. Proakis & M. Salehi (2014), ETSI TS 102 755 V1.1.1 (2023)
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This study provides a detailed review of the adaptive
modulation and coding technique in DVB-T2 broadcasting
to enhance signal robustness, transmission efficiency, and
overall quality of service. It demonstrates that AMC is a
powerful technique for addressing highly variable terres-
trial channel conditions, balancing reliability and spec-
tral efficiency for stable service under different reception
scenarios by adjusting the modulation order according to
channel quality.

The BER analysis in Figure 3 emphasises that low-or-
der schemes, especially QPSK, remain more robust under
weak signal conditions. For SNR values below approxi-
mately 10 dB, QPSK maintains relatively small error rates
and, therefore, is well suited to mobile users and receivers
near cell edges or in obstructed areas. As the SNR increases,
the BER for higher-order schemes, such as 16-QAM and 64-
QAM, decreases rapidly, allowing AMC to use them with-
out sacrificing reliability. The adaptive approach used by
AMC is therefore justified: robust modulation and coding
are selected under poor conditions, while higher-capacity
options are selected as the channel improves.

The throughput and spectral efficiency results indi-
cate that AMC provides several advantages in DVB-T2.
QPSK vyields stable but low data rates, while 16-QAM and
64-QAM realise significant throughput gains at moderate
to high SNR values, considerably improving bits per sec-
ond per hertz. In particular, 64-QAM achieves the highest
spectral efficiency and is therefore particularly suitable for
fixed receivers with strong signal conditions. The adaptive
use of higher-order modulation directly enhances system
capacity and spectrum efficiency.

The combined BER and throughput results confirm
that AMC significantly improves overall service quality in
DVB-T2 broadcasting. By adapting transmission parame-
ters to current channel conditions, the system minimises
errors, maximises throughput, and provides robust cover-
age for a large user community. It follows that AMC pro-
vides improved viewer experience and scalable, efficient
network operation, marking it as an essential feature of
next-generation digital terrestrial TV services.

The findings of this study confirm that adaptive modu-
lation and coding significantly enhance the performance of
DVB-T2 broadcasting systems under varying channel con-
ditions. The comparative analysis across AWGN, Rayleigh
multipath, and vehicular urban channels demonstrates
that fixed modulation schemes cannot optimally address
fluctuating signal environments. While QPSK provides re-
liable communication at low SNR levels, it underutilises
available bandwidth at higher SNRs. Conversely, higher-or-
der schemes such as 16-QAM and 64-QAM offer superior
spectral efficiency and throughput but are more suscepti-
ble to noise and fading at low SNR values. The simulation
results show that AMC effectively bridges this trade-off by
dynamically selecting modulation order and coding rate
based on real-time CSI.

The smooth transition between modulation profiles
observed in the results highlights the robustness and

flexibility of AMC. In particular, the selection of QPSK
(1/2 rate) at low-SNR conditions ensures minimal BER in
urban multipath environments, while switching to 16-QAM
(3/4 rate) and higher orders at improved SNR values max-
imises throughput without compromising reliability. The
results align with established digital communication the-
ory and prior DVB-T2 research, reinforcing AMC as a key
enabler of spectrum efficiency, improved service quality,
and adaptive resilience in terrestrial broadcasting systems.

The performance evaluation results for AMC in DVB-T2
broadcasting indicate several practical recommendations
for enhancing broadcasting system efficiency, robustness,
and service quality. First, broadcast networks and service
providers should fully integrate AMC mechanisms into
DVB-T2 infrastructure to enable real-time adaptation to
varying channel conditions. The simulation results show
that AMC provides superior spectral efficiency and im-
proved error performance compared with fixed modulation
schemes. Therefore, its complete implementation would
allow networks to dynamically optimise modulation order
and coding rates according to instantaneous SNR condi-
tions, ensuring both reliability and efficient bandwidth
utilisation. Second, intelligent SNR-based switching algo-
rithms should be deployed to ensure seamless transitions
between modulation and coding pairs. Properly designed
switching thresholds can prevent unnecessary oscillations
between schemes and reduce performance degradation dur-
ing rapid channel fluctuations. This would maximise over-
all network throughput while maintaining stable reception
quality, particularly in urban and mobile reception envi-
ronments. Third, continuous real-time channel monitoring
and feedback control mechanisms should be incorporated
into the network architecture. Accurate and timely Channel
State Information (CSI) reporting enables precise adjust-
ment of adaptation thresholds, minimising BER and packet
loss while sustaining optimal spectral efficiency. Further-
more, future system designs should integrate machine
learning-based prediction algorithms capable of forecast-
ing channel variations. Proactive modulation and coding
adjustments based on predicted SNR trends could further
enhance service continuity, particularly in high-mobility or
rapidly changing multipath environments.

The present study investigated the influence of receiv-
er-side processing and waveform designs on AMC perfor-
mance in DVB-T2 systems. The results demonstrated that
optimised demapping algorithms significantly improve
BER performance and system throughput under moderate
channel impairments. However, the benefits of advanced
multicarrier waveforms such as FBMC and UFMC were
diminished in the presence of channel uncertainty, con-
sistent with prior observations on sensitivity to imperfect
channel estimation.

Comparison with existing literature indicates both
agreements and contrasting insights. A. Honfoga et
al. (2021) established that low-complexity demapper algo-
rithms for rotated constellations preserve BER performance
while reducing computational complexity, aligning closely
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with the present finding that efficient receiver processing
can maintain robustness with reduced implementation
overhead. Similarly, B. Yue et al. (2024) proposed a trans-
former-empowered receiver design for OFDM systems that
enhances receiver performance by learning channel char-
acteristics and improving signal detection, demonstrat-
ing gains in spectral efficiency and robustness compared
with traditional OFDM receivers, thereby corroborating the
importance of receiver-side optimisation in multicarrier
broadcast technologies.

In the context of waveform design, P. Ramineni et
al. (2024) compared UFMC and FBMC with traditional
OFDM and reported that both filtered waveforms improved
spectral containment and BER behaviour at higher signal-
to-noise ratios. This is consistent with the present obser-
vation that advanced multicarrier designs can outperform
OFDM in controlled conditions. Conversely, Z.Z. Yahya et
al. (2025) highlighted that the gains of FBMC and UFMC
are contingent on accurate channel estimation, echoing
the findings that channel uncertainty reduces performance
advantages, particularly under fading.

Some studies provide alternative viewpoints regarding
complexity and practical deployment. For instance, Z. Wang
and Z. Xu (2025) proposed a transformer-empowered re-
ceiver architecture for OFDM systems capable of learning
channel characteristics and enhancing signal detection
accuracy. Their results demonstrated improved spectral
efficiency and robustness compared with conventional re-
ceivers, highlighting the importance of receiver-side opti-
misation in contemporary multicarrier broadcast technol-
ogies. Similarly, R. Khan et al. (2025) investigated adaptive
modulation strategies for OFDM-based wireless networks
and reported that dynamic modulation selection signifi-
cantly improves throughput and link reliability under vary-
ing channel conditions. Their study emphasised that adap-
tive transmission strategies are essential for maintaining
high spectral efficiency in practical deployment scenarios.

In a related contribution, Y. Wang et al. (2023) exam-
ined advanced channel estimation and equalisation meth-
ods for FBMC/OQAM systems operating in doubly selective
channels. Their findings indicated that improved channel
estimation techniques can effectively mitigate intrinsic in-
terference and enhance system robustness in multicarrier
communication environments. Likewise, S.E. Elghetany et
al. (2024) explored interference mitigation techniques in
FBMC systems and established that intrinsic interference
suppression significantly improves signal detection accu-
racy, particularly in high-mobility communication scenari-
os. These results further underline the importance of accu-
rate channel estimation and interference management in
achieving reliable multicarrier transmission.

Furthermore, Z. Wang et al. (2023) investigated ma-
chine-learning-based carrier frequency offset estimation
techniques for OFDM systems and showed that data-driven
approaches can substantially reduce synchronisation errors
compared with conventional estimation methods. Their
results confirmed that synchronisation accuracy remains

a critical factor influencing the performance of high-order
modulation schemes. Collectively, these studies corrobo-
rate the findings of the present study that advancements
in adaptive modulation, channel estimation, synchronisa-
tion, and waveform design continue to play an important
role in improving the reliability and spectral efficiency
of multicarrier communication systems, including those
employed in DVB-T2 broadcasting networks. C.P. Davey et
al. (2024) analysed AMC strategies in mobile broadcasting,
emphasising that adaptive schemes must account for rap-
id channel variation to prevent performance degradation.
The present results are consistent with this conclusion:
AMC performance deteriorates when channel estimation
lags behind fading dynamics. Whereas C.P. Davey et al. fo-
cused primarily on Doppler effects in urban scenarios, the
present study extended this by quantifying the BER and
throughput trade-offs under channel uncertainty.

In a related study, A.F. Mansor et al. (2022) inves-
tigated DVB-T2 propagation performance across varied
terrain types in Malaysia and emphasised that real-world
field strength and signal quality measurements often dif-
fer significantly from small-scale simulation predictions,
particularly in areas with challenging geological and top-
ographic conditions. Their field measurement results
showed that coverage and reception quality vary markedly
with terrain and distance from the transmitter, reinforcing
the present recommendation to evaluate AMC effective-
ness in terrain-specific and large-scale scenarios for prac-
tical applicability.

T.A. Abose et al. (2024) analysed the BER performance
of polar-coded FBMC-OQAM waveform strategies and
demonstrated that hybrid combinations of coding and
waveform design can yield improved BER resilience com-
pared with conventional multicarrier schemes, suggesting
that alternative waveform strategies beyond pure OFDM
have merit for future broadcast systems. Although the
present study did not evaluate hybrid waveforms directly,
these findings suggest a promising avenue for mitigating
the identified performance drawbacks.

The literature broadly supports the core findings of the
present study: efficient receiver design improves BER and
throughput, advanced multicarrier waveforms offer bene-
fits in ideal estimation conditions, and real-world impair-
ments (e.g., channel uncertainty and mobility) can erode
these gains. Differences among studies often stem from
assumptions about the operating environment (static vs.
mobile) and performance criteria (transmission efficiency
vs. perceptual quality). These comparisons underscore the
need for more comprehensive evaluations that encompass
diverse scenarios and perceptual quality metrics.

Conclusions

The present study evaluated the performance of adaptive
modulation and coding strategies in DVB-T2 broadcast-
ing systems to determine their effectiveness in improving
signal resilience, spectral efficiency, and perceptual ser-
vice quality. A comprehensive simulation framework was
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developed using Monte Carlo methods and theoretical BER
expressions to analyse system behaviour under varying
SNR conditions. At the first stage, low-order and high-or-
der modulation schemes, including QPSK, 16-QAM, and 64-
QAM, were evaluated in terms of BER and throughput per-
formance. The results showed that QPSK maintained stable
BER performance at low SNR levels, ensuring reliable trans-
mission under poor channel conditions, whereas 16-QAM
and 64-QAM significantly improved spectral efficiency
and throughput at higher SNR values. At the second stage,
perceptual quality metrics, namely PSNR and MOS, were
incorporated into the analysis, indicating a strong correla-
tion between physical-layer performance improvement and
enhanced viewer-perceived quality. The comparative evalu-
ation of adaptive and non-adaptive transmission schemes
confirmed that AMC provides a balanced trade-off between
robustness and efficiency, thereby optimising DVB-T2 sys-
tem performance across varying channel conditions.
Conceptually, the findings demonstrate that AMC is not
merely a transmission optimisation tool but a system-level
strategy that integrates physical-layer adaptability with ser-
vice-quality assurance. By linking BER, throughput, and per-
ceptual metrics, this study broadens the performance eval-
uation framework for DVB-T2 systems and highlights the
importance of adaptive techniques in contemporary digital
broadcasting environments characterised by channel varia-
bility and growing demand for high-quality content delivery.
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KomnnekcHuin aHanis cxem Mopynsuii Ta KogyBAHHS
Ans ouiHku epeKTUBHOCTI MOBNeHHs y ¢opmaTti DVB-T2

OnapeBapxy Mitep Aeopi6e

HokTop $inocodii, HaOyKOBMIN CIBROBITHUK
depnepanbHuin yHiBepcuteT Oe-EkiTi
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AHoTauig. MeToio noctigKeHHs: 6y10 OLiHUTY e(EeKTMBHICTh afanTUBHMX CX€M MOIYJSLII Ta KOZYBaHHS B CUCTEMI
DVB-T2, 30cepenuBIiy yBary Ha MifABUILEHH] CTiKOCTi curHamy Ta skocTi mocmyr. Crieundikauiss DVB-T2 nepen6auana
BUKOPUCTAHHS Pi3HMX MOZIYJALii: KBaapaTypHoi daszosoi maninmynsiii (QPSK), 16-QAM (kBazpaTypHOi aMILTITYyIHOI
mopnynsuii), 64-QAM 3 MeTogaMy KOpeKIlii MOMWIOK 3 HM3bKOIO 1ibHiCcTI0 nepeBipku napHocti (LDCPC) Ta npsmoro
BUIIpaBjeHHs moMuiiok boze-Yaynxypi-Okenrema (BCH), 3paTHMMM 10 IMHAMiUHOI afanTalii 1o kaHany. EkcriepumeHT
3 MOJIe/TI0OBAHHSI, MPOBeIeHi B YMOBaxX KaHaTiB 3 afUTUBHUM 61/TMM rayCoBMM LIYMOM Ta 3aTyxaHHsIM Peiiri, migTBepaumy,
110 CXeMM 3 HIKIMMM PiBHSIMM MOLyJsIIii, a came QPSK i3 koeditienTamu kogyBaHHst 1/2 Ta 3/5, MOKYTb BOCSTTY PiBHS
MOMMIOK Hyskue 10 mpu BigHouieHHi curHan/mym (SNR) 3-5 ob nst HafiitHOTO MPUitOMY CMTHAIY B 30HaX 3i CJIaOKUM
CUTHaJIOM. 3aCTOCYBaHHS TEXHOJIOTii afaliTMBHOI MOAYJISILIii Ta KOAYBAaHHSI CTBOPMJIO YMOBMH, 1110 BU3HAYAIOTh MiABUII€HHS
MIPOITYCKHOI 34ATHOCTI cucteMu Ha 22 % Ta MOKpAIleHHS] BUKOPUCTAHHS KaHalry Ha 50 % 3a MiHAMBMX YMOB KaHay.
Kpim Toro, aHani3 oo KaHasaiB GisuuHOro piBHS BKa3as, [0 3abe3MmevueHHs HaLiiiHUX MPodiniB KaHaTy /151 KPUTUUHUX
3aCTOCyBaHb MoKpalnye 6e3nepebiiiHicTs Ha 15 % y MObGiIbHMX Ta 3a6/10K0BaHMX 30Hax. KpiM Toro, aHasi3 moxkasas, 1o
3aCTOCYBaHHS aJalITUBHOI MOAYJISLIii Ta KOLyBaHHS 3 ONTMMaabHUMM po3mipamu GI 1/16 Ta 1/8 mokpaiilye MiskCMMBOJIbHI
nepewmkoay Ha 12 % pjisi o4HOYACTOTHMX Mepex. JJoCmiiKeHHs CBigumiIo, o afalTUBHA MOLYISLiS Ta KOLYBaHHS €
HaJ3BMYAHO eDeKTMBHMMMU [T 3a6e31eueHHs MOKpaleHoi mMpoayKTUBHOCTI nepenayi DVB-T2 Ta mJIaBHOTO TEePexXony
MiK Pi3SHUMM pEXMMaMU MOIYJSIIT Ta IIBUAKICTIO KOLYBAHHSI, PO3POOIeHUMMU JJ1s1 TEXHOJOTii KaHAJIiB peasIbHOTO Yacy,
3aBJISIKM HaJJlaHHIO BifIIOBiJHMX HAYKOBMX 3HAHb JIJIs1 CTPATeriYHOi ONTUMi3allii B pi3HUX cepeloBUILaX BIIPOBA/I>KEHHS

KniouoBi cnoBa: nokasuuku BER; criekrpanbHa edekruHicTs; LDPC/BCH; yMOBM KaHay; HMbpOBEe MOBJIEHHS
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