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In the field of industrial automation and process control, the term "end systems"
refers to the final destination of data generated by field instruments. For level
measurement applications, an end system is the hardware and software
infrastructure that receives, processes, and acts upon the signals sent by sensors
such as radar level meters, ultrasonic transmitters, or hydrostatic pressure
sensors. Whether the goal is simple monitoring, inventory management, or
complex closed-loop control, the performance of the entire measurement chain
depends heavily on how well the field device integrates with these end systems.

Selecting the right interface between a level sensor and its end system is critical
for ensuring data integrity, system reliability, and long-term maintenance
efficiency. This guide explores the principles of signal transmission, the various
types of end systems used in modern industry, and the technical considerations
required for successful integration.

| Principles of Signal Transmission to End Systems

Before data reaches an end system, it must be converted from a physical property
(the liquid level) into a standardized electrical or digital signal. The method of
transmission determines the complexity of the end system's input requirements
and the accuracy of the data received.

| Analog Signals (4-20mA)

The most common method for connecting level sensors to end systems is the
4-20mA current loop. In this configuration, the sensor acts as a current regulator. A
level of 0% (empty) typically corresponds to 4mA, while 100% (full) corresponds to
20mA. This method is highly resistant to electrical noise and allows the end system
to detect a "wire break" if the current drops to OmA.
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|Digita| Protocols (HART, Modbus, Profibus)

Modern end systems often require more than just a single level value. Digital
protocols allow for multi-variable transmission. For example, a radar level meter
using the HART (Highway Addressable Remote Transducer) protocol can send the
primary level measurement via the 4-20mA signal while simultaneously
transmitting diagnostic data, signal strength, and internal temperature over the
same wires. More advanced end systems may use RS485-based Modbus RTU or
Ethernet-based protocols for high-speed data exchange across large networks.

| Wireless Integration

In remote locations or large-scale tank farms, end systems may receive data via
wireless protocols such as WirelessHART or LoRaWAN. These systems eliminate
the need for extensive cabling, though they require careful management of battery
life and signal gateways to ensure the end system receives updates at an
appropriate frequency.

| Key Components of Industrial End Systems

Industrial end systems vary in scale and complexity depending on the application
requirements. In most B2B environments, these systems fall into four primary
categories:

| 1. Programmable Logic Controllers (PLC)

PLCs are the workhorses of industrial automation. They serve as the primary end
system for local machine control. A PLC receives the signal from a level
transmitter, processes it according to pre-programmed logic, and triggers
outputs—such as starting a pump or opening a valve. PLCs are preferred for
high-speed, deterministic control where safety and reliability are paramount.
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| 2. Distributed Control Systems (DCS)

In large-scale process industries like oil and gas or chemical manufacturing, the
DCS acts as the central end system. Unlike a PLC, which might control a single
station, a DCS manages thousands of I/O points across an entire facility. These
systems provide advanced visualization, historical data logging, and complex
control algorithms for large-scale operations.

| 3. SCADA and HMI

Supervisory Control and Data Acquisition (SCADA) systems and Human-Machine
Interfaces (HMI) provide the visual layer of the end system. While the PLC handles
the logic, the SCADA system allows operators to monitor levels in real-time, view
trends over several months, and acknowledge alarms. Many modern end systems
now utilize web-based SCADA, allowing engineers to monitor tank levels from any
location.

| 4. Local Digital Indicators and Controllers

For simple applications, such as a single storage tank, the end system may be a
panel-mounted digital indicator. These devices provide a local readout in metric
units (meters or millimeters) and often include relay outputs for high-level or
low-level alarms. This is the most cost-effective end system for localized
monitoring where centralized control is not required.

Technical Selection Criteria for End System
Integration

When designing a level measurement loop, engineers must evaluate the
compatibility between the field instrument and the end system. The following table
provides a comparison of common interface types used in industrial end systems.
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Interface Type

4-20mA Analog Current Loop

HART Protocol Digital over

Analog
Modbus RTU RS485 Digital
Foundation Fully Digital
Fieldbus
433MHz / LoRa Wireless

Signal Format

Maximum

Distance

Up to 1,000m

Up to 1,000m

Up to 1,200m

Up to 1,900m

Up to 5km+

Data
Complexity

Single Variable

Multi-Variable

High (Registers)

Very High

Moderate

End Systems

Best Use Case

Standard
process control
and simple
monitoring.

Predictive
maintenance
and remote
configuration.

Multi-drop
networks with
many Sensors
on one pair.

Advanced
process plants
with complex
diagnostics.

Remote water
reservoirs or
decentralized
tank farms.

When reviewing options for your specific application, it is helpful to consult a
comprehensive Main Page to understand which sensor outputs are compatible with
your existing end system architecture.

| Installation and Commissioning Considerations

The physical connection between the sensor and the end system is often where
signal integrity issues arise. Proper installation is essential for accurate data

reporting.
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| Cable Selection and Shielding

For analog 4-20mA signals, twisted-pair shielded cable is the standard. The shield
should be grounded at only one end (usually at the end system side) to prevent
ground loops. In environments with high electromagnetic interference (EMI), such
as those near large motors or variable frequency drives (VFDs), dedicated conduits
may be necessary to protect the signal reaching the end system.

| Power Supply Requirements

End systems must provide stable power to the sensors. Most industrial level
transmitters operate on 24V DC. Engineers must calculate the total loop
resistance—including the cable resistance and the input impedance of the end
system—to ensure the sensor receives sufficient voltage to operate at its
maximum 20mA output.

| Scaling and Calibration

Once the physical connection is made, the end system must be programmed to
interpret the signal. For a 5-meter tall tank, the PLC or HMI must be configured so
that 4mA equals 0 meters and 20mA equals 5 meters. It is also common practice
to set "over-range" and "under-range" alarms (e.g., 3.8mA or 20.5mA) within the
end system to detect sensor malfunctions or empty/overflow conditions.

| Risks, Limitations, and Challenges

Despite advancements in technology, integrating level sensors with end systems
involves several potential risks that can lead to measurement errors or system
downtime.

1. Signal Latency: In wireless end systems or heavily loaded digital networks, there
may be a delay between the actual level change and the update on the operator's
screen. This can be problematic for fast-filling tanks.
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2. Protocol Incompatibility: Not all Modbus devices speak the same "language."
Differences in register mapping or baud rates can prevent a sensor from
communicating with an end system. Always verify the communication manual of
both devices before installation.

3. Environmental Degradation: Moisture ingress in junction boxes or corroded
terminals can increase loop resistance, causing the end system to receive an
inaccurate (usually lower) current signal.

4. Scaling Errors: A common mistake is a mismatch between the sensor's internal
calibration and the end system's scaling. If the sensor is calibrated for a 0-10m
range but the PLC is programmed for 0-8m, the resulting data will be
fundamentally flawed.

|Frequent|y Asked Questions (FAQs)

Can | connect multiple level sensors to a single input
on my end system?

If using standard 4-20mA analog signals, each sensor requires its own dedicated
input channel on the PLC or controller. However, if using digital protocols like
Modbus RTU or Profibus, multiple sensors can be "daisy-chained" together on a
single pair of wires, significantly reducing cabling costs.

What happens to the end system if the level sensor
fails?

Most professional-grade level meters, such as those from Welk, feature fail-safe
modes. In the event of a sensor failure (e.g., loss of echo in a radar meter), the

transmitter can be set to output a specific signal (like 22mA or 3.6mA). The end
system can then be programmed to recognize these specific values as a "Fault"
condition and trigger an emergency shutdown or alert.
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How far can the end system be from the level
sensor?

For 4-20mA signals, the limit is typically around 1,000 meters, depending on the
wire gauge and power supply voltage. For distances exceeding this, signal
repeaters, fiber optic converters, or wireless gateways are required to maintain
signal integrity to the end system.

Is it better to use a local controller or a centralized
PLC as the end system?

This depends on the criticality of the process. For simple monitoring, a local digital
indicator is sufficient. For processes that require data logging, remote access, or
interaction with other equipment (like pumps and valves), a centralized PLC or DCS
is the superior choice for an end system.

| Conclusion

The effectiveness of any industrial level measurement solution is defined by the
synergy between the field instrument and the end system. By understanding the
principles of signal transmission, selecting the appropriate hardware interface, and
following rigorous installation standards, organizations can ensure that their level
data is accurate, actionable, and reliable. As industries move toward more
data-driven operations, the role of robust end systems will only continue to grow in
importance for efficient process management.
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