Heartbeat Reference

A practical guide to heartbeat reference, covering the reader intent, the
relationship to heartbeat reference, key evaluation criteria, common risks, and the

information the intended project audience should confirm before taking the next
step.
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In the landscape of industrial automation and process control, the reliability of
level measurement instruments is paramount. For engineers and plant operators,
the ability to verify the health and accuracy of a sensor without interrupting the
process is a significant operational advantage. This is where the concept of a
heartbeat reference becomes essential. A heartbeat reference serves as an
internal baseline or "digital twin" of an instrument’s performance characteristics,
established during commissioning or at the factory, against which current
performance is continuously measured.

Professional manufacturers like Welk integrate advanced diagnostic suites into
radar level meters, ultrasonic sensors, and hydrostatic transmitters to provide
real-time verification. By utilizing a heartbeat reference, facilities can transition
from reactive maintenance to predictive strategies, ensuring that level
measurement remains accurate within specified tolerances over long operational
cycles.

Understanding the Role of Heartbeat Reference in
Level Measurement

A heartbeat reference is not a physical component but a stored set of parameters
that represent the "healthy" state of an instrument. In level measurement, this
typically includes signal-to-noise ratios, reference voltages, internal oscillator
frequencies, and the characteristic echo profile of an empty or partially filled tank.

When a device is equipped with heartbeat technology, it performs internal
self-checks that compare current electronic and mechanical states against this
reference. If the deviation exceeds a predefined threshold, the system triggers an
alert. This process is known as internal verification. Unlike traditional calibration,
which requires removing the sensor and testing it against an external standard,
verification using a heartbeat reference can be performed while the process is
running, often with the push of a button or through a scheduled automated task.
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For complex applications in the chemical or oil and gas sectors, where downtime is
prohibitively expensive, the heartbeat reference provides documented proof of
instrument health. This documentation is often used to extend calibration cycles,
satisfying regulatory requirements while reducing maintenance costs.

| Measurement Principles and Diagnostic Verification

To understand how a heartbeat reference functions, one must first understand the
underlying measurement principles of the instruments it monitors. Most high-end
level sensors manufactured by Welk rely on Time-of-Flight (ToF) or pressure-based
technologies.

| Radar and Ultrasonic Level Measurement

Radar level meters and ultrasonic sensors emit a signal (electromagnetic or
acoustic) that travels to the product surface and reflects back to the transducer.
The distance is calculated based on the time it takes for the signal to return.

The heartbeat reference in these devices monitors the integrity of this signal. It
tracks the amplitude of the reflected pulse and the noise floor of the environment.
For example, if a radar sensor’s internal electronics begin to drift due to thermal
stress, the heartbeat reference will detect a change in the internal reference
pulse—a signal that never leaves the device but is used to calibrate the timing
circuit internally.

| Hydrostatic Level Measurement

In hydrostatic transmitters, the measurement is based on the pressure exerted by
a liquid column. The heartbeat reference here monitors the health of the sensing
diaphragm and the internal bridge circuit. By tracking the zero-point stability and
the sensor's response to temperature fluctuations against the factory-set
reference, the system can predict if the sensor is likely to fail or if the diaphragm
has been damaged by process media.
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Differentiating Calibration, Verification, and
Monitoring

It is critical for B2B procurement and engineering teams to distinguish between
these three concepts to properly implement a heartbeat reference strategy.

1. Monitoring: This is the continuous observation of the process variable (the level).
It tells you what the level is but not necessarily if the sensor is accurate.

2. Verification: This uses the heartbeat reference to check the instrument's internal
health. It confirms that the device is functioning within its original specifications. It
provides a "pass/fail" result based on internal diagnostics.

3. Calibration: This is a formal process where the instrument’s output is compared
against a traceable external standard of higher accuracy. Calibration may result in
an adjustment of the instrument.

While a heartbeat reference cannot replace a legal-for-trade calibration, it provides
the technical justification to increase the interval between physical calibrations, as
the internal electronics are verified to be stable.

Key Evaluation Criteria for Heartbeat Reference
Systems

When selecting level measurement instruments with advanced diagnostic
capabilities, engineers should evaluate the following criteria to ensure the
heartbeat reference provides actionable data.

| Total Test Coverage (TTC)

The TTC indicates the percentage of the instrument’s components that are covered
by the internal diagnostics. A high-quality radar level meter should have a TTC of
over 95%, covering the microwave module, the processing electronics, and the
output signal loop.
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| Data Logging and Traceability

The system must be capable of storing verification reports. In the event of a
guality audit, the ability to pull a report showing that the heartbeat reference was
checked and verified on a specific date is invaluable for compliance in industries
like pharmaceuticals or water treatment.

| Integration with Industrial Protocols

A heartbeat reference is most effective when integrated into the plant’s wider
automation architecture. Instruments should support protocols such as HART,
PROFIBUS, or Foundation Fieldbus to transmit diagnostic status directly to the
Distributed Control System (DCS) or Asset Management Software (AMS).

|Practica| Selection and Application Guidelines

Choosing the right technology depends on the process media and the
environmental conditions. The following table provides a comparison of how
different technologies utilize internal references for diagnostics.

Technology Primary Heartbeat Ideal Application
Measurement Reference Focus

Guided Wave Radar Electromagnetic Signal amplitude, Small tanks, low
Pulse probe integrity dielectric liquids
Non-Contact Radar Frequency Noise floor, antenna Corrosive chemicals,
Modulated CW fouling large silos
Ultrasonic Sound Waves Echo strength, Open channel flow,
temperature water tanks

compensation

Hydrostatic Pressure Diaphragm tension, Deep wells,
bridge stability pressurized vessels

For a comprehensive look at the various models available and their specific
diagnostic features, you can review product options and application support on our
Main Page.
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Installation and Commissioning for Reliable
Diagnostics

The accuracy of a heartbeat reference is heavily dependent on the quality of the
initial commissioning. If the reference is set up while the tank is in a turbulent state
or when the sensor is improperly mounted, the baseline data will be flawed.

| Establishing the Baseline

During commissioning, a "mapping" or "suppression” run should be performed.
This allows the sensor to identify and ignore fixed internal structures (like ladders
or agitators). This map becomes part of the heartbeat reference. Any future
changes in the signal—such as build-up on the antenna—will be compared against
this initial map.

| Environmental Considerations

Temperature extremes can affect electronic components. A robust heartbeat
reference system includes internal temperature sensors that compensate for these
changes, ensuring that a hot summer day doesn't trigger a false "drift" alarm.
When installing, ensure that the sensor's ambient temperature limits (typically
-40°C to +80°C for most industrial models) are respected to maintain the integrity
of the internal reference.

Limitations and Risk Mitigation in Automated
Verification

While heartbeat reference technology is highly advanced, it is not infallible. Users
must be aware of its limitations to avoid over-reliance on automated systems.

External Mechanical Issues: A heartbeat reference can detect if the electronics are
working and if the signal is returning, but it may not always detect mechanical
issues outside the sensor's "view," such as a partially blocked bypass chamber,
unless specifically configured to monitor for such anomalies.
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Process Changes: If the dielectric constant (DC) of the process media changes
significantly, the signal amplitude will change. Without proper configuration, the
heartbeat reference might interpret this as a loss of sighal strength or sensor
degradation rather than a process change.

Initial Setup Errors: If the reference is captured when the sensor is incorrectly
calibrated for distance, the verification will consistently confirm an incorrect
measurement. Regular spot-checks with a manual tape measure (metric units are
standard in professional environments) remain a necessary secondary check.

| Conclusion and Next Steps

Implementing a heartbeat reference strategy is a proactive step toward digital
transformation in process industries. By leveraging the internal diagnostic power of
Welk’'s level measurement instruments, companies can ensure higher safety
standards, reduce manual labor, and maintain continuous uptime.

Before proceeding with a fleet-wide upgrade, technical teams should confirm the
compatibility of their current DCS with advanced diagnostic protocols and define
which parameters are most critical for their specific process. For detailed technical
specifications and to explore the full range of diagnostic-capable sensors, visit the
Main Page of our site.

| Frequently Asked Questions (FAQ)

Q: Does a heartbeat reference verification replace the need for SIL proof testing?

A: It does not replace it entirely, but it can significantly extend the intervals
between mandatory proof tests. Many heartbeat-enabled devices are designed to
perform "partial proof tests" that satisfy a large portion of the SIL requirements.

Q: Can | retrofit a heartbeat reference to an old sensor?

A: Generally, no. Heartbeat technology requires specific internal hardware and
firmware designed to monitor electronic components at the circuit level. It is a
feature of modern, digital level transmitters.

Q: How often should a heartbeat verification be performed?
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A: This depends on the criticality of the application. For non-critical water storage,
a monthly check is sufficient. For high-pressure chemical reactors, daily automated
verifications are recommended.

Q: What units are used in the verification reports?

A: Reports typically use metric units (e.g., millimeters for distance, Celsius for
temperature) as the primary standard, though most software allows for imperial
conversion for regional requirements.



