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Reconfigurable OFDM Transceivers for UAVs:
A Survey of Technologies and Design Strategies
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Abstract: UnmannedAerial Vehicles (UAVs), commonly known
as drones, are becoming an integral part of modern life. They
are increasingly used in communication, surveillance, photography
and filmmaking, military operations and commercial applications.
As drones take onmore diverse roles, their communication systems
must be highly efficient, reliable, and flexible. One promising
way to meet these demands is through Orthogonal Frequency
Division Multiplexing (OFDM) transceivers. OFDM is a popular
communication technology known for its ability to transmit data
effectively, even in challenging environments such as cities or over
long distances. It excels at mitigating signal interference caused by
reflections (multipath propagation) and efficiently using the avail-
able frequency spectrum. These featuresmakeOFDMan excellent
choice for drone communication. However, UAVs often need to
operate across a variety of environments and support multiple
communication standards, such as 5G, Wi-Fi, and IoT. This
creates a need for transceivers that can adapt to these varied require-
ments. A reconfigurable OFDM transceiver addresses this need by
supporting multiple communication standards and adjusting its
parameters in real-time, enabling seamless communication across
different networks. This is especially important for drones, as they
frequently switch between tasks and environments. For instance, a
dronemay need high-speed connections for streaming video in one
scenario and low-power connections for transmitting sensor data
in another. This survey paper focuses on the design, development,
and challenges associated with building multi-standard reconfig-
urable OFDM transceivers for drone applications. It reviews key
technologies, recent advancements, and future possibilities.

Keywords: Adaptive wireless systems, drone networking, multi-
standard transceiver, OFDM for UAVs, reconfigurable OFDM,
UAV communication, 5G integration.

1. Introduction

Unmanned Aerial Vehicles (UAVs), commonly known as drones,
are increasingly used in military, commercial, and industrial
sectors. Their growing popularity is mainly due to their flexibility,
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mobility, and ability to access remote areas. To function efficiently,
UAVs require reliable and high-speed communication systems
that can handle fast movement, changing signal conditions, and
interference [1–3]. Orthogonal Frequency Division Multiplexing
(OFDM) is one of the most widely adopted modulation tech-
niques in modern wireless communication systems. It offers high
spectral efficiency and strong resistance tomultipath fading, which
makes it well-suited for UAV-based applications [4–8]. However,
UAVs often need to operate in dynamic and diverse environments
where different wireless standards such as Wi-Fi, LTE, 5G, and
future 6G networks are used [9–11]. This diversity presents a
challenge for maintaining consistent and reliable communication
links. To overcome this, a reconfigurable OFDM transceiver can
be employed. Such a transceiver can adjust its parameters, such
as subcarrier spacing, modulation scheme, and coding rate, based
on the operating conditions and the required wireless standard
[4, 5, 12]. This adaptability ensures better connectivity, reduced
latency, and improved communication quality, even in highly
dynamic scenarios. Recent research has also explored additional
enhancements such as integration with MIMO, NOMA, and
mmWave technologies [1, 7, 13, 14], and the use of intelligent
algorithms likemachine learning to optimize performance [2,6,10,
15]. Moreover, newer methods such as Reconfigurable Intelligent
Surfaces (RIS) and joint radar-communication frameworks further
enhanceUAV communication systems by improving coverage and
reliability [8, 16].

2. Literature Review

Several studies have explored using different wireless technolo-
gies to improve UAV communication systems. For instance,
a flexible FPGA-based transceiver was proposed for cognitive
radios, enabling seamless switching between Wi-Fi, WiMAX, and
WRAN standards. This design reduces reconfiguration time and
enhances synchronization accuracy in multi-standard environ-
ments [4]. Full-duplex communication forUAVs usingmillimeter-
wave (mmWave) frequencies has also been studied to increase
data throughput and reduce latency. The integration of non-
orthogonal multiple access (NOMA) further improves spectral
efficiency, making these systems suitable for high-capacity UAV
networks [1, 13]. Another line of research has focused on Cogni-
tive UAVs (CUAVs), where energy efficiency and low-latency
transmission are achieved using adaptive NOMA techniques and
dynamic spectrum access strategies [2, 14]. Reconfigurable Intel-
ligent Surfaces (RIS) have recently gained attention for UAV-
based wireless systems. RIS enhances signal coverage by enabling
passive beamforming and reflection control, especially in urban or
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complex environments with physical obstructions [7, 16]. More-
over, combining RIS withMIMO andOFDM technologies offers
better performance in beamforming, interference management,
and adaptability [8, 16]. These works collectively highlight the
need for communication systems to adapt to different wireless
standards, channels, and network demands. Building on these
insights, this paper envisions a conceptual design for a flex-
ible, multi-standard, reconfigurable OFDM transceiver tailored
for UAV applications. The envisioned system would dynami-
cally adjust transmission parameters—such as subcarrier spacing,
modulation schemes, and coding rates—in real-time to accom-
modate varying environments and communication requirements.
This adaptability is expected to enable improved connectivity,
lower latency, and enhanced compatibility with both existing and
emerging wireless technologies.

3. Overview of OFDM and UAV with
Multi-Standards

3.1. What is OFDM?

Orthogonal FrequencyDivisionMultiplexing (OFDM) is awidely
used multi-carrier modulation technique adopted in modern
communication systems, including 4GLTE, 5GNR,Wi-Fi (IEEE
802.11), DVB, and ADSL [4, 5, 7, 10]. OFDM works by dividing
a high-speed data stream into several lower-speed streams that are
transmitted in parallel over orthogonal subcarriers. These subcar-
riers are closely spaced in frequency but remain mathematically
orthogonal to prevent intercarrier interference. Figure 1 depicts a
typical OFDM transceiver architecture, while Figure 2 illustrates
how a UAV can dynamically switch between these wireless stan-
dards in real-time.

In anOFDM transmitter, data bits aremapped onto symbols
using modulation schemes such as QPSK, 16-QAM, or 64-QAM.
The symbols are then transformed to the time domain using an
Inverse Fast Fourier Transform (IFFT). To mitigate inter-symbol
interference (ISI) caused by multipath propagation, a cyclic prefix
(CP) is added to each OFDM symbol. At the receiver side, the
reverse process is performed using a Fast Fourier Transform (FFT)
to recover the transmitted data. Mathematically, the time-domain

Figure 1.
Basic OFDMTransceiver

Figure 2.
Illustration of a multi-standard OFDM UAV dynamically
switching between 5G, Wi-Fi, IoT, and THz communication in
different environments.

OFDM signal is expressed as:

x[n] = 1
√
N

N−1∑
k=0

Xk · ej
2πkn
N , 0 ≤ n < N (1)

where Xk represents the data symbol on subcarrier k, and N is
the number of subcarriers. To mitigate inter-symbol interference,
a cyclic prefix of length LCP is appended:

xcp [n] = x[n +N − LCP], −LCP ≤ n < 0 (2)

The transmitted OFDM signal becomes:

xtx [n] =
{
x[n +N − LCP], −LCP ≤ n < 0
x[n], 0 ≤ n < N

(3)

The UAV wireless communication channel is modeled as a
discrete-time multipath fading channel:

h[n] =
L−1∑
ℓ=0

hℓ · δ(n − τℓ ) (4)

The received signal is the convolution of the transmitted signal
with the channel impulse response, plus additive white Gaussian
noise:

y[n] = (xtx ∗ h) [n] + w[n] (5)

At the receiver, after removing the cyclic prefix and applying
FFT, the received subcarrier value is:

Yk = Hk · Xk +Wk, k = 0, 1, . . . , N − 1 (6)

The symbol can be recovered via equalization:

X̂k =
Yk
Hk

(7)

3.2. Performance Metrics and Adaptation

OFDM supports adaptive modulation. The bit error rate (BER)
for anM-QAM signal in an AWGN channel is approximated by:

Pb ≈
4

log2M

(
1 − 1

√
M

)
Q

(√
3 log2M · SNR

M − 1

)
(8)
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Table 1.
Comparison of wireless communication standards
Standard Frequency Band Max Data Rate Range Primary Applications References
Wi-Fi 6 (IEEE
802.11ax)

2.4 GHz, 5 GHz Up to 9.6 Gbps Upto 35 m
(indoor)

High-speed internet, video
streaming, online gaming

[4, 9, 10]

Wi-Fi 7 (IEEE
802.11be)

2.4 GHz, 5 GHz,
6 GHz

Upto 46 Gbps Similar to
Wi-Fi 6

UHD streaming, virtual
and augmented reality

[10]

Bluetooth (IEEE
802.15.1)

2.4 GHz Upto 3Mbps Upto 100 m Wireless peripherals, audio
devices, short-range data
exchange

[7]

Zigbee (IEEE
802.15.4)

2.4 GHz, 900
MHz, 868MHz

20–250 Kbps 10–100 m Home automation,
industrial control, sensor
networks

[2, 3, 6]

Cellular (5G) Sub-6 GHz,
mmWave
(24–100 GHz)

Upto 10 Gbps 500 m
(mmWave),
several km
(Sub-6)

Mobile broadband, IoT,
autonomous vehicles

[1, 5, 6, 13, 16]

WiMAX (IEEE
802.16)

2.3 GHz, 2.5
GHz, 3.5 GHz

Upto 70Mbps Upto 50 km Broadband wireless access,
last-mile connectivity

[4, 9]

with the Q-function as:

Q(x) = 1
√
2π

∫ ∞

x
e−t

2/2dt (9)

Spectral efficiency η in bits/sec/Hz is given by:

η = R · log2M ·
(
1 − LCP

N + LCP

)
(10)

where R is the coding rate. To optimize link performance, the
system can switch modulation orders based on SNR:

M =



BPSK, γ < γ1

QPSK, γ1 ≤ γ < γ2

16-QAM, γ2 ≤ γ < γ3

64-QAM, γ ≥ γ3

(11)

In reconfigurable systems, the delay for switching between stan-
dards is modeled as:

Tswitch = Tdetect + Tload + Tsync (12)

OFDM offers high spectral efficiency, robustness to frequency-
selective fading, and ease of implementation using FFT algorithms
[5, 7]. However, challenges such as high Peak-to-Average Power
Ratio (PAPR) and sensitivity to timing and frequency errors
remain [17]. Given these strengths, OFDM is well-suited for UAV
communication systems thatmust operate reliably in dynamic and
multipath-prone environments [1, 6, 8]. Wireless communication
standards based onOFDMand other technologies are designed for
different applications. UAVs benefit frommulti-standard support,
allowing them to switch between networks based on range, data
rate, and environment. Table 1 summarizes key wireless commu-
nication standards used in UAV applications, covering use cases
from high-speed video streaming and data exchange to low-power
sensor transmission and long-distance broadband connectivity
[1, 2, 9, 10, 16].

3.3. Fundamentals of OFDM in UAV Communication

In the context of UAV communication, OFDM offers several
advantages. It enhances performance in both urban and rural
environments by reducing inter-symbol interference and enabling
more efficient use of the available spectrum. Key benefits for
UAV applications include robust handling of multipath propa-
gation, high spectral efficiency, support for adaptive modulation
and coding, and compatibility with a range of wireless standards
such asWi-Fi, LTE, and5G.Despite these strengths, implementing
OFDM inUAV systems presents several challenges. HighDoppler
shifts caused by UAV mobility can affect synchronization and
signal quality. Additionally, power and hardware constraints in
lightweight UAV platforms limit the complexity and processing
capabilities of communication systems. Furthermore, integration
with cognitive and adaptive networking technologies is essential to
fully leverage OFDM’s flexibility in dynamic environments.

3.4. Multi-Standard Reconfigurable OFDM
Transceivers

Amulti-standard reconfigurable OFDM transceiver enables UAVs
to operate dynamically acrosswireless networks. These transceivers
employ techniques such as FPGA-based partial reconfiguration,
software-defined radio (SDR), and cognitive radio technology.
FPGA-Based Reconfiguration: FPGA-based transceivers allow
UAVs to switch between standards like Wi-Fi, WiMAX, and
WRAN with minimal reconfiguration delay, enhancing adapt-
ability [4, 9]. Cognitive Radio for UAVs: Cognitive radios enable
UAVs todetect andutilize available spectrumefficiently, improving
spectral efficiency and reducing interference [2]. UAVs are used in
diverse application environments, such as urban surveillance, rural
connectivity, emergency rescue, and military operations. Each
environment may rely on a different wireless standard, making it
necessary for UAVs to support multiple standards. For instance,
UAVs may need to switch between 5G for high-bandwidth
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Table 2.
UAV communication standards and associated technical advancements
Wireless Standard/ Key Technical Enhancements/
Technology UAV Use Cases Research Focus References
Wi-Fi(IEEE 802.11),
WLAN

Short-range
communication, live video,
surveillance, multi-standard
reception

SDR, FPGA-based partial reconfiguration,
multi-stream synchronization, enhanced
synchronization

[4, 9, 10]

LTE/5G/Wi-Fi High-speed video, control
links, urban monitoring,
signal processing

OFDM, QAM schemes (16-QAM,
64-QAM), MIMO,Massive MIMO,
full-duplex, ML integration, PLS

[1, 5, 6, 10, 13, 16]

NB-IoT/ LoRa Low-power telemetry,
rural/remote sensing

Adaptive modulation, long-range
compatibility, low-power design

[2, 10, 14]

WiMAX/WRAN (IEEE
802.16 / 802.22)

Broadband access, rural
internet backhaul

SDR-enabled reconfigurable front-end,
partial reconfiguration for RAT switching

[4, 9]

mmWave (30–300 GHz) Ultra-high-speed backhaul,
dense urban UAV
communication

Beamforming, MIMO, Doppler-division
multiplexing, RIS integration, jamming
mitigation

[7, 8, 13, 16]

Terahertz (THz) Next-gen high-throughput
UAV links

Ultra-broadband, PLS, THz-aware
RF/antenna design, RIS-based optimization

[16, 18]

IM/DDOFDM,OFDM
Variants(eU-
OFDM,LACO,
AVO,ACO,
ALACO),OTFS

UAV-based swarm comms,
high-mobility links, indoor
coverage, delay-Doppler
resilience

Zero-padding, DFT-spread OFDM, robust to
fading, PAPR reduction, iterative decoding,
cluster optimization

[5, 12, 17, 19–21]

FMCWRadar, MIMO
Radar, Radar-Assisted
Comms

Imaging, mapping, object
detection, W-band
environmental sensing

Beat frequency division, joint radar-comm,
MIMO SAR, real-timeW-band processing

[18, 19, 22]

Cognitive Radio (CR),
SDR-Based Platforms

Dynamic spectrum access,
emergency comms,
CR-based UAV flight

AI-based spectrum sensing, adaptive
transceivers, energy-efficient SDR,
interference mitigation

[2, 6, 15]

Reconfigurable Intelligent
Surfaces (RIS)

Smart reflection, enhanced
coverage, cooperative UAV
relays

Passive beamforming, MIMO/OFDM
coordination, RIS-UAV trajectory control

[7, 8, 16, 18]

AI/ML-Driven Techniques Real-time adaptive comms,
energy efficiency

DL-based beamforming, path optimization,
spectrum prediction, security enhancement

[2, 6, 10, 15]

Fault-Tolerant/Secure UAV
Systems (Cross-Layer
Models)

Safety-critical UAV
missions, reliable
multi-UAV networks

Physical layer security (PLS), encryption,
fault-tolerant computing, intrusion
prevention, CLRmodeling

[1, 3, 11, 15, 16]

video streaming,Wi-Fi for short-range communication, and LoRa
or NB-IoT for low-power telemetry. A reconfigurable OFDM
transceiver allows this seamless interoperability, enhances mission
flexibility, and ensures reliable connectivity under varying network
conditions [1, 9, 13].

3.5. Advanced Techniques for UAV OFDM
Communication

To further enhance the performance of OFDM-based UAV
communication systems, several advanced technologies have been
explored:

Reconfigurable Intelligent Surfaces (RIS): RIS technology
improves UAV connectivity by intelligently reflecting and steering

signals to enhance coverage, manage interference, and reduce
energy consumption—particularly in complex or obstructed envi-
ronments [7].

Terahertz (THz) Communications:Operating at THz frequen-
cies enables ultra-high-speed data transmission, offering significant
potential for UAV communication in future-generation networks.
This is particularly relevant for applications requiring massive
data rates, such as real-time 3D mapping or ultra-HD video
streaming[16].

Machine Learning for Adaptive Transceivers: AI-driven
techniques, including machine learning algorithms, are increas-
ingly being integrated into UAV communication systems. These
approaches enable adaptive transceivers to optimize performance
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by predicting channel conditions and dynamically adjusting trans-
mission parameters such as power, modulation, and coding rates
in real time [10].

4. Multi-Standard OFDM-UAV Deployment for
Various Communication Applications

Recent research from 2015 to 2025 highlights a significant
evolution in wireless communication technologies, particularly
in UAV-assisted networks (Table 2). Initial efforts [4, 9] focused
on enabling multi-standard support through Software Defined
Radios (SDRs), optimizing digital front-ends, and improving
synchronization formultistreamand concurrent receptions.These
early contributions laid the foundation for flexible and adaptive
architectures for next-generation mobile communications.
Progressively, the adoption of various modulation schemes such
as OFDM, QAM (including HQAM, RQAM, 16-QAM, 32-
XQAM), PSK, and more recently, Orthogonal Time-Frequency
Space (OTFS) modulation [1, 5, 10, 12, 17, 19–21] has enabled
improved spectral efficiency, resilience to channel impairments,
and higher data rates. These schemes have been enhanced through
the integration of advanced techniques like DFT-spread OFDM,
zero-padding, and efficient FFT/IFFT implementations [16, 20]
allowing better performance in high-mobility or fast time-varying
environments, such as UAV communications. Technologies
such as MIMO, Massive MIMO, NOMA, mmWave, and
full-duplex communication have become central to improving
system throughput, coverage, and physical layer security in UAV-
supported networks [1, 6–8, 13, 14, 16]. Researchers have explored
their deployment in diverse environments, integrating features like
joint communication and radar sensing, RIS-based beamforming,
and Doppler-division multiplexing for enhanced link reliability
and reduced latency [7, 16, 18]. Simultaneously, radar-based
approaches, especially Frequency-Modulated Continuous Wave
(FMCW) and MIMO radar, have been extensively explored for
imaging, object detection, and deformation monitoring across
W-band frequencies [18, 19, 22]. These techniques support real-
time processing and have shown promising results on stationary
and moving UAV platforms. In recent years, artificial intelligence,
particularly machine learning (ML) and deep learning (DL), has
been increasingly used to optimize signal processing and decision-
making tasks. Applications include signal detection, proactive
spectrum management, channel modeling, and UAV path opti-
mization [2,6,7,10,15]. These advancements contribute to energy-
efficient cognitive radio operations and improve the adaptability
of UAVs to dynamic environments. Security and reliability have
also received notable attention. Several studies [1,3,11,15,16] focus
on improving physical layer security (PLS), developing encryption
techniques resilient to real-time attacks, and creating fault-tolerant
and self-adaptive UAV systems for safety-critical applications.
Furthermore, research on cross-layer reliabilitymodels and holistic
fault monitoring frameworks ensures system robustness across
multiple UAV subsystems. Finally, recent efforts incorporate
Reconfigurable Intelligent Surfaces (RIS), cooperativemulti-UAV
deployments, and joint radar-communication architectures to
improve connectivity, reduce interference, and extend network
coverage [8, 16]. These developments pave the way for efficient
UAV-based communication platforms in 6G and beyond,

emphasizing security, real-time adaptation, and low-complexity
implementation.

5. Future Research Directions

Future research in UAV communication is expected to focus on
several promising areas are

6G and Beyond: The integration of UAVs into 6G networks is
anticipated to support ultra-reliable low-latency communication
(URLLC) and massive machine-type communication (mMTC).
These capabilities will enable advanced real-time applications such
as autonomous navigation, remote healthcare, and immersive
experiences [1, 13, 16].

Security and Privacy Enhancements:As UAVs become increas-
ingly used in both civilian and defense sectors, secure communi-
cation protocols are essential to address potential threats such as
cyberattacks, data breaches, and spoofing [3, 6, 15].

Energy-EfficientCommunication:Power efficiency is crucial for
UAV missions that require extended flight durations. Ongoing
research aims to optimize transceiver hardware, develop energy-
aware routing strategies, and utilize AI-driven power management
to prolong operational life [10, 15].

Interoperability with IoT Devices:With the rapid expansion of
smart cities and industrial IoT ecosystems, it is vital to enhance
UAV communication frameworks for seamless integration with
heterogeneous IoT devices. This will support applications such as
large-scale environmental monitoring, infrastructure inspection,
and next-generation logistics operations [1, 2, 18].

6. Conclusion

The emergence of reconfigurable OFDM transceivers marks a
pivotal advancement in UAV communication, enabling the flexi-
bility required for seamless multi-standard operations. Technolo-
gies such as FPGA-based reconfiguration, cognitive radio, Recon-
figurable Intelligent Surfaces (RIS), and terahertz (THz) commu-
nication are driving the evolution of UAV networks toward high
adaptability, efficiency, and scalability. These innovations improve
connectivity and spectral utilization and ensure robust perfor-
mance in diverse operational scenarios. Future research should
continue to address critical challenges such as energy-efficient
communication, enhanced physical layer security, and full integra-
tion with 6G architectures to fully harness the potential of UAV-
assisted wireless communication systems.
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