WELK | REFERENCE GUIDE

Edge Systems

A practical guide to edge systems, covering the reader intent, the relationship to
edge systems, 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 modern industrial automation, the transition from centralized
data processing to localized intelligence has redefined how process variables are
monitored. Edge systems represent the hardware and software infrastructure that
enables data processing at or near the source of data generation. In the context of
industrial level measurement, edge systems allow for real-time analysis of tank
levels, flow rates, and pressure gradients without the latency or bandwidth
constraints associated with traditional cloud-only architectures. For engineers and
facility managers, integrating smart level sensors into edge systems is no longer a
luxury but a requirement for maintaining operational efficiency and safety in
chemical, water treatment, and oil and gas applications.

Understanding the Principle of Edge-Integrated
Level Measurement

Before exploring the selection of edge systems, it is essential to understand the
measurement principles of the sensors that feed these systems. Level
measurement instruments serve as the primary data acquisition point. Depending
on the medium and environmental conditions, different physical principles are
employed to generate the raw data that edge systems eventually process.

#### Radar Level Measurement

Radar level meters operate on the Time-of-Flight (ToF) principle. The device emits
high-frequency electromagnetic waves (typically in the 26GHz or 80GHz range)
toward the material surface. These waves are reflected back to the sensor. The
edge-enabled transmitter calculates the distance based on the time interval
between emission and reception. Because radar waves do not require a medium
for propagation, they are unaffected by vacuum, pressure, or temperature
fluctuations, making them ideal for edge systems monitoring volatile liquids.

#### Ultrasonic Level Sensing

Ultrasonic sensors also use the ToF principle but utilize sound waves instead of
electromagnetic radiation. A transducer emits an ultrasonic pulse that bounces off
the surface of the liquid or solid. The time taken for the echo to return is
proportional to the distance. In an edge system, local processing algorithms often
filter out "false echoes" caused by tank obstructions or agitators, ensuring that
only the true level data is transmitted to the higher-level network.
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#### Hydrostatic Pressure Measurement

Hydrostatic transmitters measure the pressure exerted by a liquid column at a
specific depth. The principle is based on the formula $P = \rho gh$, where $P$ is
pressure, $\rho$ is the density of the fluid, $g$ is gravity, and $h$ is the height of
the liquid. Edge systems integrated with hydrostatic sensors can perform local
density compensation, allowing for accurate mass or volume calculations even
when fluid properties change slightly due to temperature variations.

#### Magnetic Level Gauges

Magnetic level gauges utilize a float containing a permanent magnet that moves
with the liquid level in a bypass chamber. This movement triggers external
magnetic flags or a reed-chain transmitter. When connected to edge systems,
these mechanical movements are converted into digital signals (e.g., 4-20mA with
HART or Modbus), providing a redundant and highly visible local measurement
alongside digital data logging.

| The Role of Edge Systems in Process Automation

Edge systems bridge the gap between field-level instrumentation and
enterprise-level resource planning. By processing data locally, these systems
provide several critical advantages for industrial level monitoring:

1. Latency Reduction: In safety-critical applications, such as high-level alarms in
chemical storage, waiting for a cloud server to process a signal can be dangerous.
Edge systems provide sub-millisecond response times for local valve control or
emergency shutdowns.

2. Bandwidth Optimization: Continuous level monitoring generates vast amounts of
data. Instead of sending every minor fluctuation to a central server, edge systems
can be programmed to send only significant changes or hourly averages,
preserving network bandwidth.

3. Data Pre-processing: Raw signals from sensors can be "noisy" due to turbulence
or foam. Edge systems apply signal-smoothing algorithms and kalman filters
locally, ensuring that the data reaching the PLC or SCADA system is clean and
actionable.
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4. Local Redundancy: If the primary network connection to the central control
room fails, edge systems can continue to log data locally and manage local control
loops, preventing process interruptions.

Key Evaluation Criteria for Edge-Enabled Level
Sensors

When selecting instrumentation for integration into edge systems, engineers must
evaluate several technical parameters to ensure compatibility and long-term
reliability.

Criterion Requirement for Edge Importance
Systems

Signal Output Digital (Modbus RTU, HART, High - Essential for data-rich
Profibus, or LoRaWAN) communication beyond

simple analog values.

Update Rate = 500ms Medium - Necessary for
dynamic processes like rapid
filling or emptying.

Accuracy *1mm to £5mm (0.04" to High - Critical for inventory
0.2") management and custody
transfer.
Power Consumption Low (specifically for wireless High - Influences the battery
edge nodes) life of remote monitoring
stations.
Environmental Rating IP67/IP68 or NEMA 4X High - Protects the internal
electronics from moisture
and dust.

| Practical Selection Table for Industrial Applications

The following table provides a guideline for matching level measurement
technologies with specific edge system requirements across various industries.
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Application Recommended Edge Integration Typical Range
Technology Ease

Chemical Storage 80GHz Radar Excellent Up to 30m (98 ft)
(Digital/HART)

Water Reservoirs Ultrasonic / High 0-15m (0-49 ft)
Hydrostatic (Modbus/4-20mA)

Deep Hydrostatic Medium Up to 200m (656 ft)

Wells/Boreholes Transmitter (Analog/SDI-12)

Corrosive Acids PTFE-lined Radar High (Digital) Up to 20m (65 ft)

Bulk Solids (Grains) High-Frequency High (Digital) Up to 70m (229 ft)
Radar

| Installation Considerations for Edge Systems

Successful deployment of edge systems in level measurement requires careful
attention to physical installation and signal integrity. Even the most advanced edge
controller cannot compensate for a poorly installed sensor.

Mounting Position: Radar and ultrasonic sensors must be mounted perpendicular to
the liquid surface. Avoid placing sensors near the tank wall to prevent signal
interference from weld seams or scaling. Typically, the sensor should be placed at
1/6th to 1/4th of the tank diameter from the wall.

Dead Zones (Blocking Distance): Every non-contact sensor has a minimum
distance it cannot measure (the "dead zone"). Ensure the maximum fill level of the
tank does not enter this zone, which usually ranges from 0.1m to 0.5m (4" to 20")
depending on the model.

Cable Shielding: For edge systems utilizing wired connections (such as R5485 or
4-20mA), use shielded twisted-pair cables. Ensure the shield is grounded at only
one end to prevent ground loops, which can introduce noise into the edge data
stream.

Environmental Protection: While the sensor head may be rated for extreme
temperatures, the edge gateway or local controller often requires a secondary
enclosure with climate control if installed in direct sunlight or extreme cold.
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| Limitations and Common Risks

Despite their advantages, edge systems are not without limitations. Engineers
should be aware of the following risks during the design phase:

Calibration Drift: Over time, sensors may experience drift due to diaphragm fatigue
(hydrostatic) or electronic aging. Edge systems should include a routine for
"zero-point" verification to maintain accuracy.

Data Security: Because edge systems are distributed, they present multiple entry
points for potential cyber threats. It is vital to use encrypted communication
protocols and secure the physical access to edge gateways.

Environmental Interference: Foam, heavy dust, or steam can attenuate signals for
ultrasonic and some radar sensors. In these cases, a stilling well or a specific
frequency radar (like 80GHz) should be used to penetrate the interference.

Firmware Management: Managing firmware updates across dozens of edge nodes
can be complex. Choosing hardware that supports Over-the-Air (OTA) updates or
centralized device management is recommended.

| Frequently Asked Questions (FAQs)

Q: Can | connect an old analog sensor to a modern edge system?

A: Yes, by using an Analog-to-Digital (A/D) converter or a Modbus gateway.
However, you will lose the diagnostic data (like signal strength or internal
temperature) that a native digital smart sensor provides.

Q: What is the maximum distance between the sensor and the edge gateway?

A: This depends on the protocol. For RS485 (Modbus), the distance can reach 1,200
meters (3,937 ft). For 4-20mA loops, it is typically limited by the loop resistance
and power supply, often around 300-600 meters (984-1,968 ft).

Q: How do edge systems handle power outages?
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A: Most industrial edge systems are equipped with Supercapacitors or small UPS
units that allow for a "graceful shutdown" or continued logging for several hours.
For remote sites, solar-powered edge systems with battery storage are common.

Q: Is 80GHz radar always better than 26GHz for edge systems?

A: Not necessarily. While 80GHz offers a narrower beam and better precision,
26GHz may be more robust in applications with heavy condensation or certain
types of foam. The choice depends on the specific vessel geometry and medium.

| Conclusion and Next Steps

Integrating edge systems into industrial level measurement projects allows for
smarter, faster, and more reliable data management. By selecting the appropriate
measurement principle—whether it be radar, ultrasonic, or hydrostatic—and
ensuring proper installation, facilities can significantly reduce downtime and
improve process safety. For those looking to implement these technologies, it is
recommended to consult with a professional manufacturer to ensure the hardware
meets the specific chemical compatibility and pressure requirements of the
application.

To explore specific product specifications and technical documentation for radar,
ultrasonic, and hydrostatic sensors suitable for your next project, you can visit the
Main Page for a comprehensive overview of available measurement solutions and
application support.
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