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ABSTRACT: (250 OR FEWER WORDS) 

 

The project will be the continuation of a previous project funded by the I/UCRCES under the title: ‘Ground Work 

for Embedding a Field Oriented Motor Controller (FOC) into a Single System on a Chip’, 2012-13. The previous 

project developed and integrated FOC into a SoC applicable to motor drives of the PM type. The new project 

proposes to embed an optimized switching pattern generator (SPG) for the inverter gates. The SPG will generate 

the gating signals for the inverter valves in order to minimize the harmonic output of the inverter, especially at 

operations with a high modulation index. The project will investigate the design and implementation of such 

generator using the system-on-chip (SoC) approach. The proposed SPG will be integrated into the SoC along with 

the already developed elements of the FOC thereby providing a complete integrated system for the control of the 

PM motor. The project will benefit the industry because it will significantly reduce the size of filter components, 

which are otherwise needed to deal with increased harmonic and EMI at the output of the inverter. 

 
PROBLEM: 

 

The project proposes to embed an optimized switching pattern generator (SPG) into the field-orienting controller 

(FOC) of permanent magnet (PM) motors. The SPG will generate the gating signals for the (3-phase) inverter 

valves in order to minimize the harmonic output of the inverter, especially at operations with a high modulation 

index. The project will investigate the design and implementation of such generator using the system-on-chip 

(SoC) technology. The proposed SPG will be integrated into the SoC along with the already developed elements 

of the FOC thereby providing a complete integrated system for the control of the PM motor. 

 
RATIONALE: 

 

This project will be the continuation of a previous project funded by the I/UCRCES under the title: ‘Ground Work 

for Embedding a Field Oriented Motor Controller into a Single System on a Chip’, 2012-13. This project 

developed and integrated a FOC including a resolver-to-digital converter (RDC) into a SoC. The sensor/controller 

system is applicable to motor drives of the PM type. The output of the SoC provides the gating logic to an inverter 

that drives the PM motor. The switching algorithm is based on the conventional sinusoidal PWM method. 

 

Sinusoidal PWM generates an inverter output of multiple switching transitions. In the linear modulation region, 

the harmonic output of the inverter contains (in addition to the fundamental) high order harmonics at frequencies 

near the carrier and its multiples. The lower region of the spectrum is empty. In operation during over-modulation 

(non-linear modulation), the number of pulses in the output waveform decreases. As a result, harmonics of 

significant magnitude begin to occupy the lower frequency of the inverter output spectrum [1]. Lower order 

harmonics are much more difficult to filter and they require inductive filters to be added in series with the inverter 

ac terminals. Inductive filters increase the size of the drive. Therefore, in applications where compactness is 

important, reducing the harmonic content of the inverter output, especially in the over-modulation operation, can 

significantly impact the overall size as well as the quality of the drive. 



 
APPROACH: 

 

There are a number of approaches in the literature that deal with optimizing the inverter output under a low 

switching frequency [1], [2], [3], [4], [5]. The most prominent of these methods is the sigma/delta modulation 

expanded in [1], [2], [3]. 

 

The principle of the sigma/delta modulation is shown in fig. 1. A sinusoidal signal is compared to a triangular 

carrier with constant up and down slopes. The comparison is done within a fixed window. The comparison 

generates the gate signals of the inverter [1]. An analogue circuit for the implementation of the scheme is shown 

in fig. 2 [1]. 
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Fig. 1: Synthesizing a Delta modulated inverter output [1], [2] 
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Fig. 2. Analogue implementation of the sigma/delta modulator, after [1]. 

 

The scheme is suitable for drives operating in the constant V/Hz mode (i.e. constant flux). The switching 

frequency of the scheme is constant as long as the frequency of the reference signal is below an upper limit. The 

output harmonics concentrate on bands around the switching frequency and its multiples. The advantage of the 

sigma/delta modulation over the conventional sinusoidal PWM method is that it provides a smoother transition of 

the lower order harmonics as the drive frequency increases and the inverter operation moves into the single-pulse 

operation (e.g. over-modulation). Therefore it extends the harmonic quality achieved in the linear modulation 

region to a portion of the over-modulation region. In addition, it provides a constant V/Hz ratio necessary for the 

variable speed drive [1]. 

 

Variations of the sigma/delta method include a reference model (e.g. an inductive circuit or its equivalent to 

represent the PM motor stator) [3]. The reference model is driven by the gating signals (from each of the three 

phases). The model output is compared to a sinusoidal reference representing the motor current. Subsequently, the 

error generates a constant frequency PWM gating signal of high order harmonics. This method, in addition to 



optimizing the harmonic output of the inverter, it also provides indirect constant current operation enhancing the 

motor protection. 

 

The above methods use deterministic switching resulting in periodic waveforms. Therefore the inverter output 

spectrum contains discrete lines: that is, high power density concentrates in a narrow BW. Even with a significant 

elimination of low harmonic orders, therefore, a significant EMI problem may exist at the high frequency orders, 

requiring additional filtering [6]. Randomized switching has been proposed to mitigate some of these problems 

[4], [5]. Randomized switching produces a quasi-periodic inverter output. In turn, the harmonic power spreads 

over a wider BW. 

 

The proposed project will design an optimized SPG based on a combination of the above techniques. Modeling of 

the entire drive system under the proposed SPG will be done in MATLAB in order to simulate the harmonic 

response of the inverter and fine-tune the design. The optimized SPG will be integrated into the SoC previously 

design to complete the drive control. The final result will be a standalone compact controller suitable for PM 

motor drives. 

 
NOVELTY: 

 

The proposed project will result in a complete motor drive controller integrated into a SoC. The novelty of the 

proposed project is in the investigation of suitable switching patterns within the constraints imposed by the 

present SoC technology and the all-digital implementation of the algorithms. 

 
POTENTIAL BENEFITS TO INDUSTRY MEMBERS: 

 

The proposed project will result in significant reduction of hardware, which is needed to filter current harmonics 

from the motor. In addition, this project will complete the previous effort to produce a complete integrated drive 

controller into the SoC, which further reduces the hardware requirements compared to similar schemes using 

discrete and analogue components. 

 
DELIVERABLES: 

 

The project deliverables are: 

1. An optimized SPG based on combining delta modulation with randomized modulation techniques; 

2. Integration of the SPG into the previously developed SoC including the complete controller of a PM motor. 

 
TIMELINE/MILESTONES: (PER QUARTER) 

 

Term Deliverable 

August-December Research and design of the SPG 

December-January Integration of SPG into the SoC 

 
TECHNOLOGY TRANSFER: 

 

The previous project developed a FOC integrated into the SoC. The results of this proposed project will be 

transferred directly to the existing SoC at the SIUC site. 

 
BUDGET:  

 

The project requests $25k for the entire duration. The funds will support a graduate student and half of a month 

salary for the PI. 
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 Proposed Budget: $25,000 

Abstract: The project will be the continuation of a previous project funded by the I/UCRCES under the title: 

‘Ground Work for Embedding a Field Oriented Motor Controller (FOC) into a Single System on a Chip’, 

2012-13. The previous project developed and integrated FOC into a SoC applicable to motor drives of the PM 

type. The new project proposes to embed an optimized switching pattern generator (SPG) for the inverter 

gates. The SPG will generate the gating signals for the inverter valves in order to minimize the harmonic 

output of the inverter, especially at operations with a high modulation index. The project will investigate the 

design and implementation of such generator using the system-on-chip (SoC) approach. The proposed SPG 

will be integrated into the SoC along with the already developed elements of the FOC thereby providing a 

complete integrated system for the control of the PM motor. The project will benefit the industry because it 

will significantly reduce the size of filter components, which are otherwise needed to deal with increased 

harmonic and EMI at the output of the inverter. 

Problem: The project proposes to embed an optimized switching pattern generator (SPG) into the field-

orienting controller (FOC) of permanent magnet (PM) motors. The SPG will generate the gating signals for 

the (3-phase) inverter valves in order to minimize the harmonic output of the inverter, especially at operations 

with a high modulation index. The project will investigate the design and implementation of such generator 

using the system-on-chip (SoC) technology. The proposed SPG will be integrated into the SoC along with the 

already developed elements of the FOC thereby providing a complete integrated system for the control of the 

PM motor. 

Rationale / Approach: The rational of the project is minimize the harmonics of the motor drive by designing a 

optimum switching pattern for the inverter. The proposed optimized SPG will be based on a combination of 

the techniques including sigma/delta modulation and spread spectrum modulation. Modeling of the entire 

drive system under the proposed SPG will be done in MATLAB in order to simulate the harmonic response of 

the inverter and fine-tune the design. The optimized SPG will be integrated into the SoC previously design to 

complete the drive control. 

Novelty: The proposed project will result in a complete motor drive controller integrated into a SoC. The 

novelty of the proposed project is in the investigation of suitable switching patterns within the constraints 

imposed by the present SoC technology and the all-digital implementation of the algorithms. 

Potential Member Company Benefits: The proposed project will result in significant reduction of hardware, 

which is needed to filter current harmonics from the motor. In addition, this project will complete the previous 

effort to produce a complete integrated drive controller into the SoC, which further reduces the hardware 

requirements compared to similar schemes using discrete and analogue components. 

Deliverables for the proposed year: The project deliverables are: 

1. An optimized SPG based on combining delta modulation with randomized modulation techniques; 

2. Integration of the SPG into the previously developed SoC including the complete controller of a PM 

motor. 

Milestones for the proposed year: The proposed project will produce a standalone controller integrated into an 

SoC for the permanent magnet motor. 

Progress to Date: THIS SECTION TO BE UPDATED IN JANUARY 

Estimated Start Date:  August 18, 2014 Estimated Knowledge Transfer Date: May, 2015 

 


