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Accuracy of Radar Level
Transmitter

A practical guide to accuracy of radar level transmitter, covering the reader intent,
the relationship to accuracy of radar level transmitter, key evaluation criteria,
common risks, and the information the intended project audience should confirm
before taking the next step.
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Main topic: Radar Level Meters
https://www.level-meters.com/products/radar-level-meters/
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In the landscape of industrial process control, precision is not merely a preference
but a requirement for safety, efficiency, and inventory management. Among the
various technologies available for liquid and solid level measurement, radar-based
systems have emerged as the industry standard for high-performance applications.
However, the accuracy of radar level transmitter systems is not a static figure; it is
influenced by electronic design, signal processing, and environmental factors.

This guide explores the technical foundations of radar measurement, the variables
that dictate precision, and how to select the right Radar Level Meters for specific
process requirements.

| Measurement Principles of Radar Level Meters

To understand the accuracy of radar level transmitter technology, one must first
understand how these instruments interact with the process medium. Radar level
meters utilize electromagnetic waves, typically in the microwave spectrum, to
measure the distance from the sensor to the surface of the material.

| Pulse Radar (Time of Flight)

Pulse radar transmitters emit a short microwave pulse toward the product surface.
The instrument measures the time it takes for the pulse to travel to the surface
and reflect back to the sensor. This "Time of Flight" (ToF) is directly proportional to
the distance. While effective for many applications, pulse radar often has a wider
beam angle and lower resolution compared to modern alternatives, which can limit
its absolute accuracy in complex tank geometries.
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|FMCW (Frequency Modulated Continuous Wave)

FMCW radar is the current benchmark for high-precision measurement. Instead of
sending discrete pulses, the transmitter emits a continuous signal with a constantly
changing frequency (a frequency sweep). The reflection from the product surface
is received and compared to the signal being emitted at that exact moment. The
difference in frequency between the transmitted and received signals is
proportional to the distance. Because frequency can be measured with extreme
precision, FMCW technology significantly enhances the accuracy of radar level
transmitter devices, often achieving tolerances as low as 1 mm.

Key Factors Influencing the Accuracy of Radar Level
Transmitter

While a manufacturer may specify an accuracy of £2 mm under laboratory
conditions, real-world performance depends on several critical variables.

| 1. Dielectric Constant (&r)

The dielectric constant of the medium is perhaps the most significant factor in
signal reflection. Materials with high dielectric constants (such as water, er = 80)
reflect electromagnetic waves very effectively, providing a strong, clear signal.
Conversely, materials with low dielectric constants (such as hydrocarbons or
liquefied gases, er < 2) allow much of the radar energy to pass through, resulting
in a weak return signal. In these cases, the sighal-to-noise ratio decreases, which
can compromise the accuracy of radar level transmitter readings if the device is
not properly configured.

| 2. Operating Frequency

The frequency at which a radar meter operates—typically 6 GHz, 26 GHz, or 80
GHz—dictates the beam angle and the ability to handle internal tank obstructions.
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- High Frequency (80 GHz): Produces a very narrow beam. This minimizes
reflections from agitators, ladders, or tank walls, directly improving the
accuracy of radar level transmitter data in crowded vessels.

- Low Frequency (6 GHz): Better suited for applications with heavy steam, foam,
or dust, as the longer wavelengths can penetrate these atmospheric
interferences more effectively than high-frequency waves.

| 3. Signal Processing and False Echo Suppression

Modern Radar Level Meters utilize advanced algorithms to filter out "noise" or false
reflections from internal tank structures. The ability of the transmitter's software to
distinguish the true level from a static obstruction is a primary driver of operational
accuracy.

| Selection Table: Radar Technology Comparison

Choosing the correct instrument requires balancing the required precision against
the process environment. The following table provides a general comparison of
common radar configurations.

6 GHz Pulse Radar 26 GHz 80 GHz FMCW
FMCW/Pulse Radar

Standard Accuracy =10 mm to £20 mm =2 mm to £5 mm =1 mm

Beam Angle Wide (approx. Medium (approx. Narrow (approx.
20°-30°) 8°-12°) 3°-4°)

Best Use Case Heavy foam/steam General chemical Narrow tanks, high

storage precision

Sensitivity to High Moderate Low

Obstacles

Dielectric £r = 2.0 er> 1.6 er > 1.4

Requirement
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| Installation Considerations to Maintain Accuracy

Even the most precise instrument will provide inaccurate data if installed
incorrectly. To maximize the accuracy of radar level transmitter systems,
engineers should adhere to the following guidelines:

1. Nozzle Height and Diameter: The mounting nozzle should be as short as
possible. If a nozzle is too long or narrow, it can create internal reflections (ringing)
that interfere with the signal near the top of the tank, creating a "dead zone."

2. Avoid the Center: In tanks with domed roofs, radar should not be mounted in the
exact center. The curved roof can act as a parabolic reflector, focusing unwanted
noise directly back to the sensor.

3. Obstruction Clearance: Ensure the signal beam path is clear of agitator blades,
heating coils, and inflow streams. For 80 GHz units, a clearance of 200 mm to 300
mm from the wall is usually sufficient, whereas lower frequency units may require
more space.

4. Antenna Orientation: For liquid applications, the antenna must be mounted
perpendicular to the liquid surface. For solids, an aiming flange may be required to
compensate for the angle of repose of the material.

| Limitations of Radar Level Measurement

While radar is highly versatile, it is not a universal solution. Certain conditions can
degrade the accuracy of radar level transmitter performance:

Extremely Heavy Foam: While some radar frequencies can penetrate light foam,
dense, thick foam (like shaving cream) can absorb the microwave signal entirely,
leading to signal loss.

Vacuum and High Pressure: While radar waves travel through a vacuum, extreme
pressure changes can slightly alter the speed of the signal if the gas composition in
the vapor space changes significantly, though this is usually compensated for in
high-end units.
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Very Low Dielectric Materials: For materials with er < 1.4, guided wave radar
(GWR) is often a more accurate choice than non-contact radar, as the probe helps
focus the energy.

| Frequently Asked Questions (FAQ)

Q: Does temperature or pressure affect the accuracy of radar level transmitter?

A: Unlike ultrasonic sensors, radar waves are electromagnetic and do not require a
medium to travel. Therefore, they are largely unaffected by changes in air
temperature, pressure, or vacuum. However, extreme temperatures can affect the
electronics or the mechanical seal of the antenna, so proper cooling or insulation
should be used.

Q: How often does a radar level meter need to be calibrated?

A: Radar transmitters are solid-state devices with no moving parts, meaning they
are highly stable. In most applications, an initial calibration during commissioning
is sufficient. Periodic verification (every 12 to 24 months) is recommended for
regulated industries or critical safety loops.

Q: Can radar measure through a plastic tank wall?

A: Yes. Because plastic is a non-conductive material with a low dielectric constant,
microwaves can pass through it. This allows for "non-invasive" measurement
where the Radar Level Meters are mounted outside a plastic IBC or storage tank.

Q: What is the "Dead Zone" in radar measurement?

A: The dead zone (or blocking distance) is the area immediately below the antenna
where the device cannot accurately measure. This is caused by the time required
for the electronics to switch from transmit to receive mode. Modern high-frequency
radars have significantly reduced dead zones, often less than 50 mm.
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| Conclusion

Achieving the highest possible accuracy of radar level transmitter performance
requires a holistic approach that considers the dielectric properties of the medium,
the physical constraints of the vessel, and the specific radar technology employed.
By selecting the appropriate frequency and ensuring a correct installation,
industrial operators can achieve reliable, millimeter-precise measurements that
enhance process safety and optimize inventory control. For those seeking to
upgrade their current systems, exploring specialized Radar Level Meters tailored to
specific chemical or water treatment environments is the recommended next step.
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