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Novel contributions
1. Sensorless Control of SyR Machine – i) a projection vector framework is developed for

position and speed error estimation; ii) position error signal is immune to resistance and

inverter voltage errors on MTPA trajectory; iii) resistance observer is designed for

accurate flux and torque estimation; iv) switching ripples based injectionless MPC

scheme is developed for zero/low speeds position estimation.

2. Sensorless Self-Commissioning – A rotor self-locking mechanism is developed to

ensure stability and systematic exploration in identifying the magnetic characteristics.

Addressed research questions/problems

The work hitherto performed aims to provide an incremental contribution upon the exiting

techniques in the field of electrical drives.

1. Sensorless Control of SyR Machine – Mechanical encoderless operation is beneficial

for reasons of reliability and cost. The standard technique adopted for low/zero speeds

region is high frequency signal injection approach which, however, has shortcomings

such as acoustic noise, voltage constraints and bandwidth limitations; hence an

injectionless technique is desirable. Stability analysis of fundamental wave excitation-

based scheme is necessary to demark the region of operation.

2. Sensorless Self-Commissioning – SyR machine exhibits high non-linear magnetic

properties. Accurate identification is critical as position observers are susceptible to errors

in magnetic parameters. A sensorless identification with precision is desired.

Research context and motivation
• The research focuses on design and analysis of position observers for synchronous

reluctance (SyR) machines.

• Position and speed observers are sought after due to the economic incentive in eliminating

sensor and cabling, increased reliability and diagnostic purposes.

• Industrial servo drives require high bandwidth controllers for fast dynamics with capability

of transient overload.

• Home appliances such as washing machines demands very low speed sensorless control

with least acoustic noise.

• A sensorless scheme that is independent of machine parameters and stable in all

operating regions without compromising dynamic performance is a utopian challenge.

• A sensorless drive must posses the capability of flux-maps identification at the hard

constraints such as standstill without mechanical rotor locking.

Adopted methodologies
1. Projection Vector Framework for Position and Speed Error Estimation

• Instability regions of active flux-based position observer is illustrated

• A novel Adaptive Projection Vector matrix for Position and Speed error estimation (APPS) 

is developed  

• Resistance immunity feature of APP projection vector on MTPA trajectory is demonstrated; 

a supplementary resistance observer is designed for accurate flux and torque estimation.

• Switching ripple-based position error estimation in FCS-MPC for zero/low speeds region in 

developed and fused to APP scheme. 

2. Sensorless Self-Commissioning with Rotor Self-Locking Mechanism

• New technique for systematic exploration of dq current plane for flux-maps identification.

• Incresed stability and region of exploration
Future work

1. Sensorless Control of SyR Machine– i) to develop high bandwidth position observers

by exploiting the speed error information; ii) to investigate techniques for stable

sensorless operation without foreknowledge of flux-maps.

2. Sensorless Self-Commissioning – i) to simplify signal processing to support

standalone plug & play systems; ii) to extend applicability to PM machines.
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Block diagram of flux and position observer in APPS scheme
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Block diagram of sensorless self-commissioning Current trajectories traced during test


