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Introduction to Binary Non-Coherent FSK in Amateur
Radio

In the realm of amateur radio communications, various modulation schemes are employed to
optimize data transmission over radio frequencies. Among these, Frequency Shift Keying (FSK)
stands out for its simplicity, robustness, and efficiency, especially in noisy or challenging
environments. Specifically, binary non-coherent FSK with a frequency shift of approximately 170 Hz
is widely adopted in amateur radio bands for digital data transmission, including messaging,
telemetry, and digital modes like RTTY, PSK, and other digital protocols.

This article explores the fundamentals of binary non-coherent FSK, the significance of a 170 Hz
frequency shift, and critically, the maximum data rates such systems can support. We will delve into
the underlying principles, analyze the technical constraints, and provide practical insights for
amateur radio enthusiasts and engineers.

Understanding Binary Non-Coherent FSK

What is Binary Non-Coherent FSK?

Frequency Shift Keying (FSK) is a modulation technique where digital data is transmitted by
changing the frequency of a carrier wave between two distinct values, representing binary '0' and
'1". In binary FSK, only two frequencies are used, making it suitable for straightforward digital
communication.

Non-coherent detection refers to a receiver design that does not require phase synchronization with
the transmitter. Instead, it relies on energy detection in the frequency domain, making it simpler,
more robust, and less sensitive to phase variations, but generally less spectrally efficient than



coherent detection.

Key features of binary non-coherent FSK:

- Uses two frequencies separated by a certain frequency shift (Af).
- Does not require phase synchronization at the receiver.

- Offers robustness against phase noise and frequency offsets.
- Typically has a lower spectral efficiency compared to coherent methods.

Advantages and Limitations

Advantages:

- Simplicity of receiver design.

- Better performance in environments with phase jitter or frequency instability.
- Suitable for low-power and low-data-rate applications typical in amateur radio.
Limitations:

- Lower spectral efficiency.

- Limited maximum data rate due to bandwidth constraints.
- Potentially higher bit error rates at high data rates.

The Significance of a 170 Hz Frequency Shift

In amateur radio digital modes, the choice of frequency shift (Af) in FSK is crucial. A shift of
approximately 170 Hz is common in certain modes due to a balance between spectral efficiency and
robustness.

Why 170 Hz?

- It provides a good separation between the two frequencies for reliable detection.

- It minimizes interference with adjacent channels.

- It aligns with the bandwidth limitations of typical amateur radio transceivers and band plans.

This modest frequency shift makes the system resilient to frequency instability and allows for
simpler receiver design, especially in non-coherent detection schemes.

Bandwidth Considerations in Binary Non-Coherent FSK

Understanding the bandwidth of FSK signals is essential to determine the maximum data rate.



Basic Bandwidth Estimation:
The approximate bandwidth \( B \) of an FSK signal can be estimated using Carson's rule:

\[
B \approx 2(\Delta f + R b)
\]

where:

-\(\Delta f\) is the frequency shift (170 Hz in our case),
-\(R b)) is the bit rate (bps).

However, for non-coherent FSK, a simplified empirical relation is often used:

\[
B \approx \Delta f + R b

\]

In practice, the total occupied bandwidth must allow for the separation of the two tones and the
spectral spreading caused by the modulation.

Determining the Maximum Data Rate

The maximum data rate supported by a binary non-coherent FSK system with a 170 Hz frequency
shift depends on several factors, including:

- The available bandwidth.

- The spacing between the two frequencies.

- The desired error performance (bit error rate).

- The modulation and detection schemes employed.

Fundamental Limits Based on Bandwidth

Given the typical bandwidth constraints of amateur radio bands and equipment, the maximum data
rate is limited by the available spectral space and the need for reliable detection.

Guidelines include:

- The minimum frequency shift (Af) must be at least twice the bandwidth of the baseband data to
prevent overlap.

- For non-coherent detection, the bit rate \( R b \) should be significantly less than the frequency
shift to maintain distinguishability between the tones.

Practical Data Rate Estimation

Empirical and theoretical analyses suggest:



\[
R b\leq \frac{\Delta f} {2}
\]

This implies that, with a 170 Hz frequency shift:

\[
R b\leq \frac{170\\text{Hz} }{2} = 85\ \text{bps}
\]

This is a conservative estimate, ensuring reliable detection and minimal error rates.
Further Constraints and Considerations

- Spectral efficiency: To improve data rates, one might increase the frequency shift, but this is
limited by available bandwidth and interference considerations.

- Error performance: Higher data rates may increase bit errors, especially in noisy environments
common in amateur radio.

- Equipment capabilities: Transmitter and receiver filters and processing capabilities also constrain
the maximum achievable data rate.

Practical Examples and Use Cases

Several digital modes in amateur radio employ similar principles:

- RTTY (Radio Teletype): Uses shift values around 170 Hz with data rates typically up to 45.45 bps.

- FSK441: Designed for high-speed meteor scatter communication, supports data rates up to 441 bps
with larger frequency shifts.

- Olivia and other modes: Employ various FSK schemes with different shifts and data rates.

In these contexts, the 170 Hz shift is often paired with data rates in the range of 50-100 bps for
reliable operation using non-coherent detection.

Summary and Conclusions

Binary non-coherent FSK with a 170 Hz frequency shift is a practical and robust modulation scheme
widely used in amateur radio digital communications. Its simplicity and resilience make it suitable
for low to moderate data rates, especially in environments with noise, frequency instability, or
equipment limitations.

Key takeaways:



- The maximum data rate supported by such a system is generally around 85 bps, based on the
relation \( R b \leq \frac{\Delta f} {2} \).

- This estimate ensures reliable detection and minimal error probability, considering the bandwidth
constraints and non-coherent detection method.

- For higher data rates, either the frequency shift must be increased (which may not always be
feasible) or more advanced modulation and detection schemes (like coherent FSK or other digital
modes) should be employed.

In conclusion, the 170 Hz frequency shift in binary non-coherent FSK presents a balanced approach
between spectral efficiency and robustness, with maximum data rates suitable for many amateur
radio applications, typically around 50 to 85 bps, depending on specific operational conditions.

References and Further Reading

1. Digital Communications by John G. Proakis - for fundamentals of FSK and modulation techniques.
2. ARRL Technical Information Service - for details on amateur radio digital modes.

3. Amateur Radio Digital Modes by Hans Summer - practical insights into digital communication
schemes.

4. FCC Part 97 Regulations - for band usage and emission limits relevant to amateur radio.

Note: Always consider local regulations and band plans when implementing or experimenting with
digital modes and modulation schemes in amateur radio.

Frequently Asked Questions

What is binary non-coherent FSK with a frequency shift of 170
Hz commonly used for in amateur radio?

It is used for digital data transmission in amateur radio bands, enabling reliable communication over
radio links.

What is the maximum data rate supported by binary non-
coherent FSK with a 170 Hz frequency shift?

The maximum data rate is approximately 85 bits per second.

How is the maximum data rate for non-coherent FSK systems
with a 170 Hz shift determined?

It is generally limited by the minimum frequency shift and the need to avoid intersymbol



interference, based on the Nyquist criterion, resulting in roughly half the frequency shift as the
maximum data rate.

Why does a 170 Hz frequency shift limit the data rate in non-
coherent FSK systems?

Because the data rate cannot exceed half the frequency shift to prevent symbol overlap and ensure
reliable detection, according to the Nyquist criterion.

Is binary non-coherent FSK with a 170 Hz shift suitable for
high-speed data transmission?

No, it is more suited for low to moderate data rates, typically up to around 85 bps, due to the small
frequency shift.

What are the advantages of using non-coherent detection in
FSK systems?

Non-coherent detection simplifies receiver design, does not require phase synchronization, and is
more robust to phase noise and oscillator instability.

Can the data rate be increased by changing the frequency shift
in non-coherent FSK?

Yes, increasing the frequency shift allows higher data rates, but it may be limited by hardware
capabilities and spectral regulations.

What is the typical baud rate for binary non-coherent FSK
with a 170 Hz shift?

The baud rate is approximately 85 symbols per second, corresponding to about 85 bits per second
assuming binary encoding.

Are there any limitations or considerations when using 170 Hz
frequency shift in amateur radio FSK systems?

Yes, limitations include the maximum achievable data rate, interference with nearby channels, and
the need for compatible hardware to accurately generate and detect such small frequency shifts.

How does the choice of modulation parameters affect the
robustness of amateur radio data transmissions?

Selecting appropriate frequency shifts and data rates balances robustness against noise,
interference, and hardware constraints, ensuring reliable communication.



Additional Resources

Binary non-coherent Frequency Shift Keying (FSK) with a frequency shift of 170 Hz is a
communication technique often employed in amateur radio bands, valued for its
robustness and simplicity. Understanding the maximum achievable data rate for such
systems requires a detailed exploration of their fundamental principles, modulation
specifics, and the constraints imposed by the physical and spectral environment. This
article delves into the technical considerations surrounding binary non-coherent FSK,
focusing on the implications of a 170 Hz frequency shift, and aims to determine the upper
bounds of data transmission rates within this context.

Introduction to Binary Non-Coherent FSK

Basics of Frequency Shift Keying

Frequency Shift Keying (FSK) is a digital modulation technique where information is transmitted by
varying the frequency of a carrier wave. In binary FSK, two distinct frequencies represent the binary
states '0' and '1'. This method is widely used in radio communication because of its simplicity and
resistance to noise.

In non-coherent detection, the receiver does not require phase information of the incoming signal;
instead, it relies solely on energy measurements in the frequency bands corresponding to the two
states. This simplifies receiver design and reduces complexity, making non-coherent FSK especially
suitable for low-cost or power-constrained applications, such as in amateur radio.

Advantages of Non-Coherent Detection in Amateur Radio

- Simplicity and Cost-Effectiveness: Non-coherent receivers are less complex, avoiding the need for
phase synchronization.

- Resilience to Phase Noise: They are less sensitive to phase distortions caused by the channel.

- Robustness in Noisy Environments: They perform adequately in environments with high noise
levels, which are common in amateur bands.

Significance of the 170 Hz Frequency Shift

Choosing the Frequency Shift

The frequency shift (Af) in FSK determines how far apart the two frequencies are, directly impacting
the data rate, spectral efficiency, and robustness against noise. A shift of 170 Hz is relatively small
compared to typical shifts used in other applications but is often chosen for its spectral efficiency
and compatibility with bandwidth constraints.



Impact on Bandwidth and Spectral Efficiency

The spectral occupancy of binary FSK is approximately proportional to the sum of the two
frequencies plus the transition bandwidth. The smaller the shift, the narrower the occupied
bandwidth, which is advantageous for crowded spectral environments like amateur bands. However,
this comes at the expense of increased susceptibility to inter-symbol interference and reduced
maximum data rates.

Determining the Maximum Data Rate

Fundamental Limits in Non-Coherent FSK

The maximum data rate supported by a binary FSK system is constrained primarily by two factors:

1. Bandwidth (BW): The total spectral width occupied by the signal.
2. Detection Method: Non-coherent detection generally requires a minimum frequency separation
(Af) to reliably distinguish between symbols.

According to the Nyquist criterion, the maximum data rate (\( R {max} \)) is related to the
bandwidth and the minimum frequency shift:

\[
R {max} \approx 2 \times \Delta f

\]

This approximation assumes ideal conditions with no interference and perfect filtering.

In practice, the maximum data rate is often less than this theoretical limit due to implementation
constraints, such as filter roll-off, channel noise, and the need for guard bands.

Applying to a 170 Hz Frequency Shift

Given the shift:

\[
\Delta f = 170\, \text{Hz}

\]

The theoretical maximum data rate is approximately:

\[
R {max} \approx 2 \times 170\, \text{Hz} = 340\, \text{bits per second}

\]

This is a rough upper bound under idealized conditions.



Practical Considerations and Real-World Constraints
While the theoretical limit suggests a maximum of approximately 340 bps, actual achievable data

rates tend to be lower due to several factors:

- Filter roll-off and transition bandwidths: Real filters cannot have an ideal brick-wall response,
leading to spectral spreading and potential inter-symbol interference.

- Channel noise and interference: Amateur radio bands are often crowded, and noise can limit the
effective data rate.

- Symbol duration and timing: To reliably distinguish between the two frequencies, the symbol
duration (\( T s\)) must be sufficiently long.

Given these factors, typical practical data rates for binary non-coherent FSK with a 170 Hz shift
usually range between 100-200 bps, depending on the system design and operational conditions.

Trade-offs Between Data Rate and Robustness

Higher Data Rates

To increase data rates, one must:

- Decrease symbol duration (\( T s = 1/R))
- Accept a higher risk of misdetection due to overlapping spectral components
- Potentially increase power or improve filtering to maintain reliability

However, decreasing \( T s \) reduces the system's ability to distinguish between frequencies,
especially under noisy conditions, which is problematic in amateur radio environments.

Ensuring Robustness

Maintaining a lower data rate ensures:
- Better noise immunity
- Reduced inter-symbol interference

- More straightforward filtering requirements

For amateur radio applications, where signal conditions can vary widely, prioritizing robustness over
maximum data rate is often preferred.

Additional Factors Influencing the Data Rate

Bandwidth Constraints

Amateur radio bands are often shared and regulated, limiting the available bandwidth for data



transmission. Narrowband techniques like a 170 Hz shift are beneficial in this context, but the
available bandwidth imposes an upper limit on the data rate.

Modulation and Detection Techniques

- Non-coherent detection is less complex but less efficient than coherent detection.

- Coherent FSK can support higher data rates at the same frequency shift but requires phase
synchronization.

- The choice of modulation impacts the maximum achievable data rate significantly.

Channel Conditions

- Noise, fading, and interference directly impact the effective data rate.
- Adaptive modulation schemes can optimize the trade-off based on current conditions but are less
common in simple amateur radio setups.

Conclusion: What Is the Maximum Data Rate?

In summary, for a binary non-coherent FSK system with a 170 Hz frequency shift, the theoretical
maximum data rate under ideal conditions is approximately 340 bits per second. However, practical
considerations—such as filtering limitations, noise, interference, and the need for robust
detection—reduce this maximum to a more conservative estimate, typically around 100-200 bps.

This data rate strikes a balance between spectral efficiency and reliability, making it suitable for
many amateur radio applications where communication robustness is paramount. While
technological advancements and more sophisticated detection methods could push these limits
higher, the inherent constraints of the physical environment and the simplicity of non-coherent
detection methods set the practical bounds.

In conclusion, the 170 Hz frequency shift in binary non-coherent FSK systems offers a reliable,
spectrum-efficient way to transmit data in amateur radio bands, with maximum data rates
realistically capped around 200 bps, ensuring dependable communication within the constraints of
the environment and technology.
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