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Introduction

In the world of industrial automation, achieving precise and stable control over processes is paramount. PID
(Proportional-Integral-Derivative) controllers remain the workhorse of many control systems due to their simplicity
and effectiveness. However, setting the correct tuning parameters—proportional gain, integral time, and derivative
time—can be a daunting task, especially for complex or newly designed systems. The autotuning of PID
controllers arelay feedback approach 2nd editionoffers a systematic, data driven method to automatically
determine optimal PID settings using a relay feedback strategy. This guide will walk you through the theory,
practical steps, and real world applications of this powerful autotuning technique, ensuring your control loops
perform at their best without the trial and error burden traditionally associated with manual tuning.

Why Autotuning Matters in Modern Control Systems

Manual tuning of PID controllers often relies on experience, heuristics, or the classic Ziegler—Nichols method. While
these approaches can work for well understood systems, they fall short when dealing with:

¢ Non linear or time varying processes

e Processes with significant dead time or transport delays

e Dynamic changes in load or operating conditions

e Safety critical applications where sub optimal tuning can lead to instability

Autotuning addresses these challenges by:

1. Reducing human error: Algorithms compute optimal parameters based on actual system response.
2. Saving time: Rapid autotuning cycles replace months of iterative tuning.

3. Ensuring repeatability: Consistent results across identical units or varying conditions.

4. Facilitating maintenance: Periodic autotuning can adapt to aging equipment or changing dynamics.

Fundamentals of PID Control

Basic PID Structure

A PID controller computes the control signal u(t) as:
u(t) = Kp-e(t) + Ki"+e(t)dt + Kd-de(t)/dt

where e(t)is the error between the setpoint and the process variable. The three terms—proportional, integral, and
derivative—handle immediate response, cumulative error correction, and rate of change damping, respectively.

Key Tuning Parameters

¢ Kp (Proportional Gain): Determines the reaction to the current error.
 Ki (Integral Time): Addresses accumulated error over time.
* Kd (Derivative Time): Predicts future error trends, improving stability.



Challenges in Manual Tuning

Manual tuning often starts with a “rule of thumb” approach, adjusting gains based on observed overshoot, settling
time, and steady state error. The process can be subjective and may not capture subtle dynamics such as dead
time or non linearities. Additionally, the tuning may need to be repeated whenever the process changes, leading to
inefficiency.

Relay Feedback: A Data Driven Approach

What Is Relay Feedback?

Relay feedback replaces the continuous proportional action with a binary on/off (relay) signal. By applying a
stepwise perturbation, the system’s oscillatory response is induced, capturing essential dynamic characteristics
such as oscillation period and amplitude.

Why Relay Is Effective for Autotuning
« Minimal disturbance: The relay only toggles between two levels, reducing the risk of large deviations.
e Clear oscillation: The induced oscillations provide clean data for system identification.
» Broad applicability: Works for linear and mildly non linear systems alike.

Key Parameters in Relay Testing

1. Relay Amplitude (9GR* The magnitude of the on/off change.

2. Relay Threshold (setpoint offset): Determines when the relay switches.

3. Oscillation Period (Tp): Time between successive peaks.

4. Oscillation Amplitude (Ap): Difference between maximum and minimum process variable during oscillation.

The Autotuning Algorithm Explained

Step 1: Initiate Relay Mode

Configure the controller to output a fixed step change of +9GP at a setpoint offset. The system will start to oscillate
around the setpoint.

Step 2: Capture Oscillation Data

Record the process variable over several cycles to ensure accurate measurement of Tp and Ap. Filtering
techniques (e.g., moving average) can reduce noise.

Step 3: Compute System Parameters

Using the oscillation data, estimate the system’s open loop frequency (<’ and damping ratio (;b’a The classic formulas
derived from the relay method are:
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Step 4. Derive PID Gains

The second edition introduces refined tuning rules that map the estimated system parameters to PID gains. For
example, one popular rule set is:

« Kp=1.2/(9GR ¢ 1)

« Ki=05*Kp/Tp
« Kd=05*Kp*Tp



These formulas are adjustable based on process type (e.g., lag dominant vs. delay dominant).

Step 5: Validate and Fine Tune

After applying the computed gains, run a short validation test. Observe overshoot, settling time, and steady state
error. If necessary, perform a fine tuning adjustment—often a small proportional scaling factor—to achieve the
desired performance.

Updates in the 2nd Edition

Enhanced Handling of Dead Time

Processes with significant dead time can exhibit poor oscillation quality. The second edition incorporates a
dead time compensation factor, adjusting the relay amplitude to maintain stable oscillations.

Adaptive Relay Amplitude

Rather than a fixed 9GRA the new algorithm dynamically scales the relay amplitude based on the observed amplitude
of the process variable, ensuring that oscillations remain within safe bounds.

Improved Noise Filtering

Advanced filtering methods—such as Kalman filtering and wavelet denoising—are now integrated to extract clean
oscillation data even in noisy industrial environments.

Integration with Modern PLCs

The second edition provides updated code libraries compatible with popular PLC platforms (Siemens, Allen Bradley,
Schneider Electric) and offers a graphical user interface for easier configuration.

Practical Applications

Process Control in Chemical Plants

Temperature and pressure control loops often experience varying dynamics due to feedstock changes. Autotuning
can quickly adapt PID parameters to maintain product quality.

Motor Speed Regulation

Electric motor drives benefit from precise speed control. Relay based autotuning helps mitigate variations in load
torque and supply voltage.

HVAC Systems
Heating, ventilation, and air conditioning units require stable temperature regulation. Autotuning ensures consistent
comfort while minimizing energy consumption.

Robotics and Automation

Joint position controllers in robotic arms can use autotuning to compensate for wear and varying payloads,
improving precision and reducing mechanical stress.

Step by Step Implementation Guide

Hardware and Software Requirements

¢ Programmable Logic Controller (PLC) with PID capability
« Data acquisition module for high resolution sampling



» Software library for relay feedback autotuning (provided in 2nd edition)
¢ Human Machine Interface (HMI) or SCADA system for monitoring

Procedure

1. Configure the PID controller to relay mode: Set the controller to output £9GR &+VaeB FTR 6WG 6—¢Ba
2. Define the relay amplitude (9GR" Choose a value that is small enough to avoid damaging the process yet large
enough to induce measurable oscillations.
3. Start the autotuning routine: Run the autotuning algorithm for at least 3—5 full oscillation cycles.
Collect oscillation data: Store the process variable and control signal for analysis.
Compute system parameters: Use the built in algorithms to calculate <'A [, Tp, and Ap.
Generate PID gains: Apply the tuning rules to obtain Kp, Ki, Kd.
Apply the new gains: Switch the controller from relay mode to standard PID mode.
Validate performance: Observe key metrics such as overshoot, settling time, and steady state error.
9. Fine tune if necessary: Adjust the gains by a small percentage (e.g., £5%) to meet specific performance
criteria.
10. Document results: Save the final tuning parameters and performance data for future reference.
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Software Tools and Libraries

Embedded Libraries

Many PLC vendors provide embedded libraries that implement relay feedback autotuning. These libraries often
include:

¢ Automatic relay amplitude adjustment

e Real time oscillation detection

e Safety checks to prevent runaway oscillations
Standalone Applications

For processes that cannot be directly integrated into PLCs, standalone autotuning applications can connect via
OPC UA, Modbus, or Ethernet/IP. These tools typically offer:

« Graphical oscilloscope view of the process variable
e Parameter export to CSV or PLC memory
¢ Batch autotuning for multiple loops

Simulation Platforms

Before deploying autotuning on live equipment, simulate the process using MATLAB/Simulink, Python (SciPy), or
Modelica. Simulations help verify the autotuning algorithm’s robustness under various scenarios.

Best Practices for Successful Autotuning

Start with a safe relay amplitude: Too large a 9GR Oy cause unsafe excursions.

e Ensure adequate sampling rate: Capture oscillations with at least 10—-20 samples per period.

Use high quality sensors: Accurate process variable readings are critical.

¢ Implement safety interlocks: Prevent the controller from exceeding limits during autotuning.

e Document each autotuning session: Maintain a log of parameters, results, and any manual adjustments.
e Schedule periodic autotuning: Re run autotuning during maintenance windows to account for drift.

Common Pitfalls and How to Avoid Them



Over Tuning Leading to Instability

Applying the autotuned gains without validation can result in excessive overshoot. Always validate and, if
necessary, apply a conservative scaling factor.

Ignoring Dead Time

Processes with significant dead time may produce misleading oscillation data. Use the dead time compensation
feature of the 2nd edition to correct for this.
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