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ENHANCING COMMUNICATION RELIABILITY WITH SOFTWARE-
DEFINED RADIO (SDR) AND FREQUENCY-HOPPING SPREAD
SPECTRUM (FHSS)

Reliable and secure wireless communication is crucial in today's
interconnected world. Software-Defined Radio (SDR) enhances flexibility by
implementing radio functions through software [1] and Frequency-Hopping
Spread Spectrum (FHSS) improves reliability by switching carrier frequencies to
reduce interference, prevent interception, and mitigate jamming risks. Together,
these technologies significantly boost communication robustness, justifying their
widespread adoption in modern radio systems [2].

Traditional radios rely on hardware, limiting flexibility and requiring costly
physical modifications to support changes or multiple waveform standards. SDR
offers an efficient and comparatively inexpensive solution by implementing
radio functions (i.e. physical layer processing) through programmable software
or firmware. These devices include field-programmable gate arrays (FPGA),
digital signal processors (DSP), general-purpose processors (GPP), or other
application-specific programmable processors [3].

Thus, SDR advantages are [4, 5]:

— Flexibility. Can be easily reprogrammed for various communication
standards;

— Cost Efficiency. Reduces long-term costs by using the same hardware for
multiple systems;

— Upgradability. Software updates allow for future improvements and
adaptation to new protocols.

On the other hand, SDR disadvantages are [4, 5]:

— High Power Consumption. Requires more power compared to traditional
radios;

— Complex Design. Involves significant complexity in hardware and
software integration;

— Security Risks. Software-based systems are more vulnerable to cyber
threats.

Frequency-hopping spread spectrum (FHSS) transmission is the repeated
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switching of the carrier frequency during radio transmission to reduce
interference and avoid interception. The transmitter hops between available
narrowband frequencies within a specified broad channel in a pseudo-random
sequence known to both sender and receiver [2]. Since no channel is used for
long, the likelihood of another transmitter being on the same channel
simultaneously is low, making FHSS effective for multiple transmitter-receiver
pairs sharing the same broad channel.

Several spread spectrum techniques and variations of FHSS are commonly
used today. The examples include: direct-sequence spread spectrum (DSSS),
Adaptive frequency-hopping spread spectrum (AFH), and chirp modulation.

FHSS offers several advantages over a fixed-frequency transmission [6]:

— Resistance to Narrowband Interference. FHSS signals are highly
resistant to interference because they hop to different frequency bands;

— Enhanced Security and Anti-Jamming. Signals are difficult to intercept
or jam if the frequency-hopping pattern is unknown; unauthorized parties can
affect only a single hopping period;

— Minimal Mutual Interference. FHSS transmissions can share frequency
bands with conventional transmissions with minimal interference.

In conclusion, SDR and FHSS may greatly enhance the reliability of
wireless communications. SDRs offer flexibility and cost efficiency and FHSS
further improves reliability by reducing interference, preventing interception,
and mitigating jamming risks. Both these technologies combined may provide
robust, adaptable, and secure communication solutions.
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