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Visual Inventory System

A practical guide to visual inventory system, covering the reader intent, the
relationship to visual inventory system, 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 processing, the ability to monitor material levels in real-time is
no longer a luxury but a fundamental requirement for operational efficiency and
safety. A visual inventory system refers to the integrated framework of sensors,
transmitters, and software interfaces that allow operators to see and manage the
volume of liquids or solids stored in tanks, silos, and sumps. By converting raw
physical measurements into intuitive graphical data, these systems enable precise
stock management, prevent overfills, and optimize supply chains.

For engineers and facility managers, implementing an effective visual inventory
system requires a deep understanding of the underlying measurement
technologies. Whether the application involves corrosive chemicals, wastewater,
or volatile hydrocarbons, the accuracy of the visual display is only as reliable as
the sensor providing the data. This guide explores the principles of level
measurement, selection criteria, and practical implementation strategies for
industrial inventory monitoring.

| Core Measurement Principles for Inventory Data

Before a visual inventory system can display a tank’s status on a control room
monitor or mobile device, a primary sensing element must determine the distance
to the material surface. In the industrial sector, several distinct physical principles
are employed to achieve this.

|Radar Level Measurement (Time of Flight)

Radar level meters, such as those provided by Welk, utilize high-frequency
microwave pulses. These pulses are emitted from an antenna, travel to the surface
of the medium, and reflect back to the sensor. The system calculates the distance
based on the time it takes for the pulse to return (Time of Flight).

Because microwaves travel at the speed of light and are largely unaffected by air
temperature, pressure, or dust, radar is considered the gold standard for
high-accuracy inventory systems. Non-contact radar is particularly effective for
hazardous liquids where the sensor must remain isolated from the process media.
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| Ultrasonic Level Sensing

Ultrasonic sensors function similarly to radar but use sound waves instead of
electromagnetic pulses. A piezoelectric crystal within the sensor converts electrical
energy into ultrasonic vibrations. These sound waves bounce off the material
surface and return to the transducer.

While cost-effective, ultrasonic measurement is sensitive to the composition of the
vapor space. Changes in temperature or the presence of heavy vapors can alter
the speed of sound, requiring integrated temperature compensation to maintain
accuracy in a visual inventory system.

| Hydrostatic Pressure

Hydrostatic level transmitters measure the pressure exerted by a liquid column at
the bottom of a vessel. Based on the principle that pressure is proportional to the
height of the liquid and its specific gravity ($P = \rho gh$), the transmitter converts
this pressure into a level reading. This method is highly reliable for vented tanks
containing homogenous liquids but requires recalibration if the liquid density
changes.

| Magnetic Level Gauges

Magnetic gauges provide a direct mechanical visual inventory system. A float
containing a permanent magnet moves with the liquid level inside a bypass
chamber. Outside the chamber, a series of bi-color magnetic flaps flip as the float
passes, providing a clear, high-visibility local indication that requires no power.
When paired with a reed chain transmitter, this mechanical data can be digitized
for remote monitoring.
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| Selecting the Right Technology for Visual Monitoring

Choosing the correct instrument is the most critical step in designing a visual
inventory system. The selection depends on the physical properties of the medium,
the vessel geometry, and the required precision. To assist in the decision-making
process, engineers should consult the Main Page of the manufacturer’s catalog to
review specific model capabilities and compatibility charts.

Technology Typical Accuracy Best Application

Radar (80GHz) +1 mm to £2 mm Chemical tanks, High initial cost
high-precision
inventory

Ultrasonic +0.25% of range Water treatment, Affected by foam and
open channels heavy dust

Hydrostatic +0.1% to £0.5% Deep wells, fuel Requires constant
storage density

Magnetic Gauge =5 mmto £10 mm Boilers, Limited to clean
high-pressure liquids
vessels

| Key Components of an Integrated System

A robust visual inventory system consists of more than just the sensor. To move
from a raw measurement to a functional dashboard, several components must
work in unison:

1. The Primary Sensor: The radar, ultrasonic, or pressure transmitter that captures
the level data.

2. Signhal Transmission: Standardized protocols such as 4-20mA (HART), Modbus
RTU, or Foundation Fieldbus are used to send data from the field to the control
room.

3. Data Processing Unit: A PLC (Programmable Logic Controller) or a dedicated
tank hub that aggregates signals from multiple vessels.
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4. The Visualization Layer: HMI (Human-Machine Interface) software or
cloud-based platforms that display the inventory in liters, cubic meters, or
percentage of total volume.

By centralizing this data, companies can implement "Visual Inventory
Management," where stock levels across multiple geographical sites are visible
from a single workstation.

| Installation Considerations for Reliable Data

Even the most advanced radar meter will fail to provide accurate data for a visual
inventory system if installed incorrectly. Engineering teams must adhere to the
following guidelines during the commissioning phase:

Avoid the "Blind Zone": Every non-contact sensor has a minimum distance
(blocking distance) near the antenna where it cannot measure. Ensure the
maximum fill level of the tank does not enter this zone.

Beam Path Clearance: For radar and ultrasonic sensors, the signal beam spreads
as it travels. The path must be clear of internal obstructions like ladders, agitators,
or heating coils. If obstructions are unavoidable, use software with "false echo
suppression" to ignore these static reflections.

Nozzle Geometry: The mounting nozzle should be as short and wide as possible to
prevent signal interference from the nozzle walls. For radar, the antenna should
ideally extend slightly past the bottom of the nozzle.

Stilling Wells: In tanks with heavy turbulence or foam, installing the sensor inside a
vertical pipe (stilling well) can provide a calm surface for measurement, ensuring
the visual inventory system remains stable.

| Limitations and Common Risks

While a visual inventory system significantly improves oversight, users must be
aware of technical limitations that can lead to data inaccuracies:
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Dielectric Constant (er): Radar signals rely on the dielectric constant of the
material. Materials with a very low er (like certain oils or liquefied gases) reflect
less energy, which may require specialized high-sensitivity antennas or guided
wave radar (GWR).

Foam Accumulation: Dense foam can absorb ultrasonic and radar signals, leading
to a "loss of echo." In such environments, hydrostatic transmitters or magnetic
gauges are often more reliable.

Vapor and Condensation: In high-humidity environments, condensation can form
on the sensor face. Welk radar units often feature PTFE-encapsulated antennas to
shed droplets and maintain signal integrity.

System Latency: In digital systems, there is a slight delay between the physical
level change and the visual update. This must be accounted for in high-speed filling
applications to prevent overshoots.

| Maintenance and Calibration Protocols

To ensure the longevity of a visual inventory system, a proactive maintenance
schedule is essential. For contact-based systems like magnetic gauges or
hydrostatic probes, regular cleaning is required to prevent buildup or scaling.
Non-contact sensors generally require less maintenance but should be checked
annually for firmware updates and signal strength verification.

Calibration should be performed using a "wet calibration" method (comparing the
sensor reading to a physical manual dip) or a "dry calibration" using a dedicated

signal simulator. Most modern transmitters allow for remote calibration via HART
communicators, reducing the need for technicians to climb to the top of tall silos.

| Frequently Asked Questions (FAQ)

Q: Can a visual inventory system handle both liquids and solids?

A: Yes, but the sensor technology must be matched to the material. Radar is
excellent for both, while ultrasonic is generally better suited for liquids or coarse
solids due to the way sound reflects off uneven surfaces.
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Q: How do | integrate my existing sensors into a new visual dashboard?

A: Most industrial level sensors output a 4-20mA signal. You can connect these to
an 1/O module or a gateway that converts the analog signal into a digital protocol
like MQTT or OPC-UA for visualization software.

Q: What is the maximum range for these systems?

A: High-frequency radar meters can measure distances up to 70 meters
(approximately 230 feet) or more, making them suitable for large-scale grain silos
and oil storage tanks.

Q: Is it possible to monitor inventory remotely via a smartphone?

A: Yes. By using an lloT (Industrial Internet of Things) gateway, the level data can
be pushed to a secure cloud server, allowing stakeholders to access the visual
inventory system from any location with internet connectivity.

For more detailed technical specifications and to find the right instrument for your
specific application, please refer to the Main Page for our full range of industrial
level measurement solutions.
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