WELK | REFERENCE GUIDE

Visual Inventory
Management

A practical guide to visual inventory management, covering the reader intent, the
relationship to visual inventory management, key evaluation criteria, common
risks, and the information the intended project audience should confirm before
taking the next step.
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In modern industrial operations, visual inventory management represents the
transition from manual estimation to data-driven, real-time oversight of raw
materials, intermediate products, and finished goods. At its core, this discipline
relies on the integration of precise level measurement instruments with
visualization tools, allowing plant managers and engineers to monitor tank levels,
silo volumes, and process vessel statuses at a glance. Effective visual inventory
management reduces the risk of stockouts, prevents overfills, and optimizes the
supply chain by providing a continuous stream of accurate level data.

For industries ranging from water treatment and chemical processing to oil and
gas, the ability to "see" into a closed vessel is not merely a convenience—it is a
safety and operational necessity. This guide explores the measurement principles,
technology selections, and engineering considerations required to implement a
robust visual inventory system.

The Role of Level Measurement in Visual Inventory
Management

Visual inventory management is the practice of using visual cues—whether
physical indicators on a tank or digital dashboards on a control screen—to manage
stock levels efficiently. In the context of industrial automation, this is achieved
through level measurement sensors that convert physical heights into readable
signals.

Without accurate sensors, visual inventory management remains a manual,
error-prone process. By deploying technologies such as radar, ultrasonic, and
magnetic level gauges, facilities can automate data collection. This data is then
fed into centralized systems, often accessible via a Main Page or a localized HMI
(Human-Machine Interface), providing a real-time visual representation of the
facility's total inventory.

| Measurement Principles and Technologies

To select the right tool for visual inventory management, one must first understand
the physics behind the measurement. Industrial level instruments generally fall
into two categories: direct visual indicators and electronic transmitters.
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1. Magnetic Level Gauges (Direct Visual
Measurement)

Magnetic level gauges are the bedrock of local visual inventory management. They
operate on the principle of buoyancy and magnetic coupling. A float containing a
high-intensity permanent magnet is placed inside a bypass chamber attached to
the side of the vessel. As the liquid level rises and falls, the float moves
accordingly.

Outside the chamber, a column of interlocking magnetic flaps (usually colored red
and white) reacts to the float's magnetic field. As the float passes, the flaps flip 180
degrees, changing color. This creates a clear, high-contrast visual bar that can be
read from a distance without the need for electrical power. For remote monitoring,
these gauges can be equipped with reed switches or magnetostrictive transmitters
to send a 4-20mA signal to a control room.

|2. Radar Level Meters (Non-Contact Electronic)

Radar technology is the gold standard for high-accuracy visual inventory
management in challenging environments. These sensors use the Time-of-Flight
(ToF) principle. The sensor emits a high-frequency microwave pulse (typically in
the 26GHz or 80GHz range) toward the material surface. The pulse reflects off the
surface and returns to the sensor.

By measuring the time it takes for the signal to travel to the surface and back, the
device calculates the distance. Because microwaves travel at the speed of light
and are largely unaffected by air temperature, pressure, or vacuum conditions,
radar provides an extremely reliable data source for digital visualization systems.
Radar is particularly effective for chemicals, oils, and bulk solids where dust or
vapor might interfere with other methods.
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|3. Ultrasonic Level Sensors (Acoustic Measurement)

Similar to radar, ultrasonic sensors use the ToF principle but utilize sound waves
instead of microwaves. The sensor emits an ultrasonic pulse (usually between
20kHz and 200kHz). This sound wave bounces off the liquid surface and returns to
the transducer.

Ultrasonic sensors are highly cost-effective for water treatment and open-channel
flow applications. However, they are sensitive to the medium's temperature (as
the speed of sound changes with air density) and can be hampered by heavy foam
or surface turbulence. In a visual inventory management strategy, ultrasonic
sensors are best suited for stable, ambient-pressure liquid storage.

|4. Hydrostatic Level Transmitters (Pressure-Based)

Hydrostatic measurement relies on the principle that the pressure at the bottom of
a liquid column is proportional to the height of the liquid and its density ($P = \rho
gh$). A pressure sensor is placed at the bottom of the tank or submerged in the
liquid. By measuring the head pressure and compensating for the liquid's specific
gravity, the transmitter provides a continuous level reading.

This method is widely used in deep wells, reservoirs, and large storage tanks
where top-mounting a sensor is impractical. The resulting data allows for precise
volume calculations, which are essential for inventory accounting.

| Technology Selection Table

Choosing the correct instrument is the most critical step in establishing a reliable
visual inventory management system. The following table compares common
technologies based on typical industrial requirements.

Welk Reference Guide 4



WELK REFERENCE GUIDE

Technology

Magnetic Level
Gauge

Radar (80GHz)

Ultrasonic

Hydrostatic

Level Switch

Typical

Max Range
Accuracy

+5 mm to 10
mm

Up to 6m (20 ft)

=1l mmto 2 mm Up to 120m

(393 ft)

+0.25% of Up to 15m (49
range ft)

+0.1% to 0.5% Up to 200m
(656 ft)
Point detection N/A

Visual Inventory Management

Media

Suitability

Clean liquids,
oils

Liquids, solids,
corrosive

Water,
wastewater

Liquids, slurries

Overfill/Dry run

Environmental
Limitations

High viscosity,
magnetic
particles

Extremely high
dielectric
constant
needed for
some models

Foam, vacuum,
high dust, high
temp

Changing liquid
density,
pressurized
tanks

Build-up on
probe
(depending on
type)

| Practical Engineering and Installation Considerations

To ensure the data supporting your visual inventory management system is
accurate, proper installation is paramount. Engineering teams should consider the
following factors during the design phase:

| Mounting Position and Obstructions

For non-contact sensors (Radar and Ultrasonic), the "beam angle" is a critical
factor. Sensors should be mounted away from the tank wall to prevent false
reflections. Furthermore, internal obstructions such as ladders, agitators, or
heating coils must be mapped out or avoided. Modern radar sensors often include
"false echo suppression" software to ignore these fixed objects, but physical
clearance remains the best practice.
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|Dead Zones (Blocking Distance)

Every ultrasonic and radar sensor has a "dead zone" directly beneath the
transducer where measurements cannot be taken. If the liquid level enters this
zone, the sensor may report an error or a fixed maximum value. When designing a
visual inventory system, ensure the sensor is mounted high enough so that the
maximum possible fill level does not enter the dead zone.

| Surface Conditions

Visual inventory management becomes difficult when dealing with turbulent
surfaces or foam. Foam absorbs ultrasonic signhals and can scatter radar pulses. In
such cases, a stilling well (a vertical pipe inside the tank) can be used to provide a
calm surface for the sensor to measure, ensuring a stable and accurate visual
readout.

| Temperature and Pressure

In high-pressure or high-temperature vessels (e.g., steam boilers or chemical
reactors), magnetic level gauges or high-frequency radar are preferred.
Hydrostatic sensors must be rated for the specific process temperature to prevent
diaphragm damage or signal drift.

| Limitations of Visual Level Monitoring

While visual inventory management systems are highly effective, they are not
without limitations. Engineers must be aware of the following risks:

1. Media Changes: Hydrostatic sensors are calibrated for a specific liquid density. If
the facility switches to a liquid with a different density without recalibrating the
sensor, the visual inventory data will be incorrect.

2. Signal Interference: In silos containing bulk solids, heavy dust during the filling
process can attenuate ultrasonic signals, leading to a temporary loss of data.
Radar is generally more robust in these conditions.
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3. Build-up and Scaling: For contact-based methods like magnetic floats or
hydrostatic diaphragms, the build-up of sticky or crystalline substances can impede
movement or insulate the sensor, leading to "frozen" or inaccurate readings.

4. Environmental Factors: For outdoor tanks, extreme sunlight can heat the air
space above the liquid, affecting ultrasonic accuracy. Using sunshades or switching
to radar can mitigate this risk.

5. Data Latency: In visual inventory management systems that rely on wireless
transmission (loT), there may be a lag between the physical level change and the
dashboard update. This must be accounted for in high-speed filling operations.

| Frequently Asked Questions (FAQs)

Q: How often should level sensors be calibrated for inventory management?

A: For fiscal-grade inventory management, sensors should be calibrated annually.
For general process monitoring, a biennial check is often sufficient, provided there
is no evidence of signal drift.

Q: Can | use one sensor for both solids and liquids?

A: Radar sensors are versatile and can often handle both, provided the firmware is
configured for the specific material's reflective properties. Ultrasonic sensors are
generally better suited for liquids.

Q: Is a magnetic level gauge better than a radar transmitter?

A: They serve different purposes. A magnetic gauge provides a fail-safe local visual
indicator that works without power. A radar transmitter provides high-precision
data for remote visual inventory management and automation. Many engineers
use both on the same vessel for redundancy.

Q: What is the benefit of 80GHz radar over 26GHz radar?

A: 80GHz radar has a narrower beam angle, which allows it to avoid internal tank
obstructions more easily and provides better performance in smaller vessels or
through narrow nozzles.
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| Conclusion

Implementing an effective visual inventory management system requires a deep
understanding of both the physical properties of the stored media and the
technical capabilities of level measurement instruments. By selecting the
appropriate technology—whether it be the direct visibility of a magnetic gauge or
the precision of a radar transmitter—and following rigorous installation standards,
industrial facilities can achieve unprecedented levels of operational clarity. For
those looking to upgrade their current systems or specify new projects, it is
essential to Review product options and application support to ensure the chosen
solution aligns with the specific demands of the process environment.
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