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In the field of industrial level measurement, selecting the right interface for data
transmission is as critical as choosing the measurement technology itself. Whether
a facility utilizes radar level meters, ultrasonic sensors, or hydrostatic transmitters,
the choice between an analog sensor vs digital sensor determines how accurately
data reaches the control system, how much diagnostic information is available,
and the overall complexity of the installation.

As a professional manufacturer, Welk provides a range of level measurement
instruments designed to integrate seamlessly into modern industrial architectures.
Understanding the fundamental differences in signal processing is the first step in
optimizing process automation and ensuring long-term reliability.

| Measurement Principles: How Data is Transmitted

Before comparing the two technologies, it is essential to understand the underlying
principles of signal conversion in level measurement. Every sensor begins with a
transducer that interacts with the physical environment—measuring pressure,
time-of-flight, or capacitance. The electronics within the sensor then convert this
physical reading into an electrical signal for the PLC (Programmable Logic
Controller) or DCS (Distributed Control System).

| Analog Sensor Principles

An analog sensor represents physical data through a continuous electrical signal.
In level measurement, this is most commonly a current loop (4-20 mA) or a voltage
signal (0-10 V). The signal is directly proportional to the level of the medium. For
example, in a 5-meter tank equipped with a 4-20 mA hydrostatic transmitter, 4 mA
represents 0 meters (empty) and 20 mA represents 5 meters (full). Any value
between 4 and 20 mA corresponds linearly to a specific level.
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| Digital Sensor Principles

A digital sensor converts the physical measurement into a discrete, coded
sighal—essentially a series of Os and 1s. Instead of varying a voltage or current
continuously, the sensor sends data packets over a communication protocol such
as Modbus RTU, Profibus, or 10-Link. This allows the sensor to transmit not just the
primary level reading, but also secondary variables (like temperature), device
status, and calibration data.

| Analog Level Sensors: The 4-20 mA Standard

Analog sensors remain the backbone of many industrial plants due to their
simplicity and the universal nature of the 4-20 mA standard.

| Advantages of Analog Signals

1. Simplicity: Analog sensors are "plug-and-play" in terms of wiring. A simple
two-wire loop provides both power to the sensor and the signal return.

2. Real-time Response: There is no processing delay associated with packetizing
data, making them suitable for high-speed level control loops.

3. Fault Detection: The 4-20 mA standard is superior to 0-10 V because it allows for
"live zero" detection. If the signal drops to 0 mA, the system immediately knows
there is a wire break or a total power failure.

| Limitations of Analog Signals

Analog signals are susceptible to Electromagnetic Interference (EMI) and signal
degradation over long distances. Because the information is carried by the exact
level of current, any resistance in the wire or external noise can slightly alter the
reading, leading to inaccuracies at the controller. Furthermore, an analog sensor
can only transmit one piece of information at a time.
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| Digital Level Sensors: Intelligent Communication

Digital sensors represent the evolution of industrial automation, moving toward
"Industry 4.0" and the Industrial Internet of Things (l1oT).

| Advantages of Digital Signals

1. Data Integrity: Digital signals are highly resistant to noise. Since the data is
transmitted in binary packets with error-checking protocols (like CRC), the value
received by the PLC is exactly what the sensor measured, regardless of cable
length (within protocol limits).

2. Multi-Variable Transmission: A single digital radar level meter can transmit the
level, volume, signal strength, and internal temperature simultaneously over a
single pair of wires.

3. Remote Configuration: Digital sensors allow engineers to adjust range, damping,
and alarm points remotely via software, eliminating the need to access a sensor
mounted at the top of a tall silo.

| Limitations of Digital Signals

Digital systems require more sophisticated configuration. The engineer must
manage baud rates, parity, and device addresses. Additionally, while the hardware
cost is often comparable, the complexity of the control system's software
integration can be higher for digital protocols.

Analog Sensor vs Digital Sensor: Key Evaluation
Criteria

When deciding between an analog sensor vs digital sensor for your application,
consider the following technical factors:
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| Signal Accuracy and Resolution

Analog sensors are theoretically infinite in resolution, but they are limited by the
Analog-to-Digital Converter (ADC) at the PLC. Digital sensors perform the
conversion at the source, often using high-bit processors that ensure the highest
possible resolution is maintained throughout the transmission path.

| Cable Length and Noise Immunity

For distances exceeding 300 meters (approx. 1,000 feet), analog voltage signals
suffer significant drops. While 4-20 mA current loops are more robust, digital
signals (especially RS485-based Modbus) can travel up to 1,200 meters without
loss of accuracy. In environments with heavy machinery or variable frequency
drives (VFDs), digital communication is generally more reliable.

| Diagnostic Requirements

If your process is critical and requires "predictive maintenance," digital is the clear
choice. Digital sensors can report "Lens Dirty," "Signal Weak," or "High Internal
Temp," allowing maintenance teams to intervene before a total failure occurs.
Analog sensors generally only provide a "Fail Low" or "Fail High" current signal
(e.g., 3.6 mA or 21 mA) to indicate a generic error.

| Practical Selection Table
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Analog (4-20 mA) Digital
(Modbus/HART/IO-Link)

Signal Type Continuous Current Discrete Data Packets

Noise Immunity Moderate (requires shielding) High (error correction)

Data Density Single Variable Multiple Variables +
Diagnostics

Wiring Complexity Low (2-wire loop) Moderate (Addressing/Bus
rules)

Distance Limit ~500m to 1000m Up to 1200m (RS485)

Configuration Manual / Local Display Remote / Software-based

Best Use Case Simple level monitoring Complex automation /

Remote tanks

| Installation and Integration Considerations

Successful implementation of either technology requires adherence to best
engineering practices. For both analog and digital sensors, the use of shielded
twisted-pair (STP) cabling is highly recommended to minimize interference.

| Analog Installation

When installing analog transmitters, ensure the loop power supply is stable. For
4-20 mA loops, the total resistance (load) of the circuit (including the PLC input and
the wire resistance) must not exceed the sensor's maximum load capacity,
typically 500 to 750 ohms at 24V DC.

| Digital Installation
For digital bus systems like Modbus, proper termination is required. A 120-ohm
resistor should be placed at the end of the bus line to prevent signal reflections.

Each device on the bus must have a unique address, and the communication
parameters (baud rate, data bits) must match across the entire network.
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|The Hybrid Approach: HART Protocol

The HART (Highway Addressable Remote Transducer) protocol is a popular middle
ground. It superimposes a digital signal on top of a standard 4-20 mA analog loop.
This allows the user to have the real-time speed of analog for control, while still
being able to access digital diagnostics and configuration data. Many Welk radar
and ultrasonic transmitters support HART to provide this dual benefit. You can
Review product options and application support to see which communication
protocols best fit your existing infrastructure.

| Limitations and Common Risks

Analog Signal Attenuation: In very long runs, the voltage drop can prevent the
sensor from receiving enough power to operate correctly.

Protocol Lock-in: Choosing a specific digital protocol (like Profibus) may limit your
future hardware choices to manufacturers that support that specific standard.

Ground Loops: Both systems are susceptible to ground loops if the shielding is
grounded at both ends. Always follow the manufacturer's grounding
instructions—typically grounding the shield only at the control cabinet end.

|Frequent|y Asked Questions (FAQs)

Q: Can | convert an analog sensor to a digital one?

A: Yes, using an external signal conditioner or a HART modem, you can extract
digital data or convert a 4-20 mA signal into a digital protocol like Modbus, though
it is usually more efficient to purchase a native digital sensor.

Q: Which is better for water treatment plants?

A: For large-scale water treatment with many distributed tanks, digital sensors
(Modbus) are often preferred because they allow multiple sensors to be
daisy-chained on a single cable, significantly reducing wiring costs.

Q: Are digital sensors more expensive?
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A: The sensor hardware itself is often priced similarly. However, the total cost of
ownership is often lower for digital sensors due to reduced wiring and improved
diagnostic capabilities that prevent downtime.

Q: How do | handle units of measurement?

A: Analog sensors are calibrated to a range (e.g., 0-10 meters). Digital sensors can
often be programmed to output values directly in metric units (meters, millimeters)
or imperial units (feet, inches), which simplifies PLC programming.

| Conclusion

The decision between an analog sensor vs digital sensor depends on the specific
needs of the application, the distance of the transmission, and the level of
intelligence required by the control system. While analog remains a reliable and
simple choice for basic level monitoring, digital sensors offer the robustness and
data depth required for modern, efficient industrial operations. Welk continues to
innovate in both areas, providing high-precision instruments that ensure your
data—whether analog or digital—is accurate and actionable.
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