Delta-Sigma Modulation Technology in Electric Drives

Delta-sigma modulation is widely used in measurement systems and audio. With the widespread use of
isolated delta-sigma modulators this technique was implemented for shunt current sensing in electric
drives and power electronics.

The tutorial will start with the general information about delta-sigma modulation, its demodulation by
means of digital filters, shunt current sensing, and its accuracy analysis. Then, the same approach will be
used to increase the accuracy of the speed measurement using incremental position encoder as its signals
being captured by microcontroller produce delta-sigma modulated data. Then, a similar approach will be
applied for a model predictive control system where the hysteresis element is considered as a source of
delta-sigma modulated bitstream.

The tutorial is based on the experience of developing the control systems for high-performance electric
drives and power electronics converters. All the considered methods will be supported by experimental
results and practical application examples.

This tutorial is designed to be valuable for students, academic staff, and practicing engineers who want to
deepen their understanding and practical skills in modern sensing and control strategies.

The tutorial is planned for 2.5 hours, followed by a Q&A session.

Content

Introduction

What is delta-sigma modulation?

Current measurement using shunt current sensors with delta-sigma modulators

Schematics of current sensing circuit

Filtering delta-sigma modulated bitstream

Estimation of measuring accuracy

Operation of the closed-loop systems with shunt current sensing

Short-circuit fault protection using shunt current sensing with delta-sigma modulators
Examples of industrial solutions with shunt current sensing

Are there any other delta-sigma modulated signals in electric drives?

Precise speed measurement using incremental encoder as a source of delta-sigma modulated data

General information about incremental position encoder

Review of the speed measurement methods and accuracy analysis

Processing signals of incremental encoder as the delta-sigma modulated ones for measurement at
high speeds

Computation complexity of the methods for implementation using modern microcontrollers

Model predictive control with reduced integration step size

Overview of model predictive control strategies

Introduction to MPC with reduced integration step size and processing hysteresis control as delta-
sigma modulated voltage reference

Simulation and experimental results

Conclusions
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