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Radar Level Sensor Accuracy

A practical guide to radar level sensor accuracy, covering the reader intent, the
relationship to radar level sensor accuracy, 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 realm of industrial process control, the precision of instrumentation is often
the deciding factor between operational efficiency and costly downtime. Among
the various technologies available for liquid and solid level monitoring, radar
technology has emerged as a gold standard. However, understanding radar level
sensor accuracy requires more than just reading a datasheet. It involves a deep
dive into measurement principles, environmental variables, and the physical
properties of the media being measured.

As a professional manufacturer, Welk provides high-performance Radar Level
Meters designed to meet the rigorous demands of water treatment, chemical
processing, and oil and gas industries. This guide explores the technical nuances of
accuracy in radar level measurement to assist engineers in making informed
selection decisions.

Measurement Principles and Their Impact on
Accuracy

To evaluate the accuracy of a radar sensor, one must first understand how the
device perceives distance. Industrial radar level transmitters generally operate
using one of two primary methods: Pulse Radar or Frequency Modulated
Continuous Wave (FMCW).

| Pulse Radar (Time of Flight)

Pulse radar sensors emit a short microwave signal toward the product surface. The
device measures the time it takes for the pulse to travel to the surface and return
to the antenna. Since the speed of light is constant, the distance is calculated as:

Distance = (Speed of Light x Time of Flight) / 2

While pulse radar is energy-efficient and suitable for many standard applications,
its accuracy is often limited by the resolution of the timer and the signal-to-noise
ratio, typically ranging from =5 mm to 20 mm.
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|FMCW (Frequency Modulated Continuous Wave)

FMCW radar does not send a simple pulse; instead, it emits a continuous signal
with a constantly changing frequency (a frequency sweep). The reflected signal is
received and compared to the sighal being emitted at that exact moment. The
difference in frequency (the "beat frequency") is directly proportional to the
distance.

FMCW technology allows for much higher radar level sensor accuracy, often
reaching 1 mm (+0.04 inches). This is because frequency shifts are easier to
measure precisely than extremely short time intervals. Most high-precision 80 GHz
radar sensors utilize FMCW to provide stable readings even in complex
environments.

| Defining Radar Level Sensor Accuracy

When reviewing technical specifications, "accuracy" is frequently used as an
umbrella term for several distinct performance metrics:

1. Linearity: The maximum deviation of the sensor's reading from a straight line
representing the actual level across the entire measurement range.

2. Repeatability: The ability of the sensor to provide the same measurement for
the same level under identical conditions over a short period.

3. Resolution: The smallest change in level that the sensor can detect and display.

4. Hysteresis: The difference in the output for a given level depending on whether
the level is rising or falling.

Standard accuracy ratings are typically established under "reference conditions,"
which usually imply a stable temperature of +25°C (+77°F), atmospheric pressure,
and a highly reflective target (like a metal plate). In real-world industrial settings,
these conditions are rarely met, which is why understanding external variables is
critical.

| Factors Influencing Real-World Accuracy
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| Dielectric Constant (er)

Radar waves reflect off the surface of a material because of the change in the
dielectric constant between the air (er = 1) and the medium. Materials with a high
dielectric constant, such as water (er = 80), reflect a strong signal, leading to high
accuracy. Materials with low dielectric constants, such as hydrocarbons or plastic
pellets (er < 2), allow most of the radar energy to pass through them, resulting in a
weaker return signal. If the signal is too weak, the sensor may struggle to
distinguish the surface from background noise, decreasing accuracy.

| vapor, Steam, and Pressure

Unlike ultrasonic sensors, which are heavily affected by air density and
temperature, radar waves are electromagnetic and can travel through a vacuum.
However, extremely high pressure or heavy steam can slightly alter the
propagation speed of the radar wave by changing the dielectric constant of the gas
space. While this effect is negligible in most applications (often less than 0.05%), it
must be accounted for in high-pressure boiler or liquefied gas applications.

|Antenna Frequency (6 GHz vs. 26 GHz vs. 80 GHz)

The frequency of the radar signal significantly impacts the beam angle. A higher
frequency, such as 80 GHz, allows for a much narrower beam (often as small as
3°). A narrow beam is less likely to hit internal tank obstructions like agitators,
ladders, or heating coils. By avoiding these "false echoes," the sensor can maintain
its rated accuracy in crowded vessels where lower-frequency sensors would fail.

| Selection Guide: Matching Accuracy to Application

Choosing the right instrument requires balancing the required precision with the
cost and environmental constraints. The following table provides a general
comparison of radar technologies.
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m 6 GHz Radar 26 GHz Radar 80 GHz Radar

Typical Accuracy =10 mm to £30 mm +2 mm to £5 mm +1 mm
Beam Angle Wide (approx. 20°+) Medium (approx. Narrow (approx.
8°-12°) 3°-6°)
Best Application Large outdoor Standard process Tall/narrow silos,
basins, heavy foam tanks small vessels
Sensitivity to Dust Very Low Low Moderate (requires
lens)
Dielectric Medium to High Medium Low to High

Requirement

| Installation Considerations for Maximum Precision

Even the most accurate 80 GHz FMCW radar will perform poorly if installed
incorrectly. To maintain radar level sensor accuracy, engineers should adhere to
the following installation guidelines:

1. Avoid the "Dead Zone": Every radar sensor has a blocking distance (or
near-zone) near the antenna where measurements are not possible or are highly
inaccurate. Ensure the maximum liquid level does not enter this zone, which is
typically 50 mm to 200 mm depending on the model.

2. Nozzle Geometry: The mounting nozzle should be as short and wide as possible.
If the nozzle is too long or narrow, the radar sighal may reflect off the nozzle walls,
creating a large interference signal near the top of the tank.

3. Beam Path Clearance: The "keep-out zone" defined by the beam angle must be
free of obstructions. If an obstruction is unavoidable, many Welk radar meters
offer "false echo suppression” software, which allows the sensor to "learn" the
tank's internal structure and ignore static reflections.

4. Orientation: For solid materials, the angle of repose can cause the radar signal
to scatter away from the antenna. In these cases, an adjustable flange (aiming kit)
is often required to point the radar at a representative section of the material
surface.
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| Limitations and Challenges

While radar is highly versatile, it is not a universal solution. Certain conditions can
compromise accuracy:

Heavy Foam: While radar can penetrate some foam, extremely dense or
conductive foam can absorb or scatter the signal. In such cases, a guided wave
radar (GWR) or a specialized low-frequency pulse radar may be more effective.

Extremely Low Dielectric Media: If a medium has a dielectric constant below 1.4,
the reflection may be too weak for standard non-contact radar. Guided wave radar
is typically recommended for these scenarios.

Turbulence: Rapidly moving surfaces can cause signal fluctuations. While software
filtering (damping) can smooth the output, it may introduce a slight lag in the
measurement response.

| Frequently Asked Questions (FAQ)

Q: Does the temperature of the liquid affect radar level sensor accuracy?

A: Generally, no. Radar waves are electromagnetic and do not rely on the air as a
medium. However, extreme temperatures can cause the tank to expand or
contract, or change the dielectric properties of the vapor space, which might
require a small compensation factor in high-precision custody transfer applications.

Q: How often should a radar level meter be calibrated?

A: Radar sensors are solid-state devices with no moving parts, meaning they do
not "drift" like mechanical gauges. For most industrial processes, an annual
verification is sufficient. However, for regulated industries (like pharmaceutical or
food and beverage), more frequent calibration may be required by local standards.

Q: Can a radar sensor measure through a plastic tank wall?
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A: Yes. Because plastic has a low dielectric constant, radar waves can pass
through the top of a plastic or fiberglass tank to measure the contents inside
without making contact with the media. Note that this will result in a slight
reduction in signal strength and may require a sensor with higher sensitivity.

| Conclusion

Achieving high radar level sensor accuracy is a combination of selecting the right
frequency, understanding the media properties, and following rigorous installation
practices. For applications requiring sub-millimeter precision, 80 GHz FMCW
technology is the industry standard. For more general-purpose monitoring in large
tanks, 26 GHz pulse or FMCW systems offer a cost-effective and reliable
alternative.

Welk continues to innovate in the field of level measurement, providing
customized OEM/ODM services to ensure that our Radar Level Meters meet the
specific accuracy requirements of your project. By considering the dielectric
constant, tank geometry, and potential obstructions, engineers can implement a
level measurement solution that provides long-term reliability and precision.
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