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General Information for Participants 

 Registration  

The registration desk will be situated on the 6F at the ANA CROWNE PLAZA Hotel Grand 

Court Nagoya during the following time:  

08:00-17:00 Thursday, November 5, 2015 

08:15-16:00 Friday, November 6, 2015 

 For onsite registration, payment must be made in cash (USD or JPY). Credit card is not 

acceptable. 

 Lunch 

Lunch will be served in ORCHID GARDEN, 2F at the ANA CROWNE PLAZA Hotel Grand 

Court Nagoya during the following time:  

12:00-13:30 Thursday, November 5, 2015 

12:00-13:30 Friday, November 6, 2015 

 Wireless Internet Service (WiFi)  

Free WiFi service is available at LOBBY AREA, ANA CROWNE PLAZA Hotel Grand Court 

Nagoya. Please connect with the password “grandcourt”. 

 Name Badges  

Every registered participant will be issued a name badge upon registration. For identification 

purposes, participants are strongly requested to wear badges at all times while in the venue. 

 Organizer 

 

Higher Education Forum (HEF) 

Tel: + 886 2 2740 1498〡www.prohef.org 

 A Polite Request to All Participants 

Participants are requested to arrive in a timely fashion for all addresses, whether to their own, or to 

those of other presenters. Presenters are reminded that the time slots should be divided fairly and 

equally between the number of presentations, and that they should not overrun. The session chair is 

asked to assume this timekeeping role and to summarize key important issues in each topic. 

 

 

  

http://www.prohef.org/
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 Preperation for Oral Presentations  

All presentation rooms are equipped with a screen, an LCD projector, and a laptop computer 

installed with Microsoft PowerPoint. You will be able to insert your USB flash drive into the 

computer and double check your file in PowerPoint. We recommend you bring two copies of the 

file in case that one fails. You may also link your own laptop to the provided projector; however 

please ensure you have the requisite connector. 

 Preparation for Poster Presentation  

Materials Provided by the Conference Organizer: 

1. X-frame display & Base Fabric Canvases (60cm×160cm)  

2. Adhesive Tapes or Clamps 

 

Materials Prepared by the Presenters: 

1. Home-made Poster(s) 

2. Material: not limited, can be posted on the canvases 

3. Recommended poster size: 60cm*160cm 

 

 

 

A 60cm*160cm poster illustrates 

the research findings. 

1. Wider than 60cm (left) 

2. Copy of PowerPoint slides in A4 papers (right) 
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Conference Venue General Information 

ANA CROWNE PLAZA Hotel Grand Court Nagoya 

Add: 1-1-1 Kanayama-cho, Naka-ku, Nagoya 460-0023 Japan 

Tel: +81 52 683 4111 Fax. +81 52 683 4121 

Official Web site: http://www.anacrowneplaza-nagoya.jp/english/ 

 

Ideally situated for business travel as well as sight-seeing, the ANA Crowne Plaza Hotel Grand 

Court Nagoya is a soaring high-rise structure, conveniently located in Kanayama, Nagoya's second 

major center. 
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Access to Conference Venue 

From Nagoya Station: About 5 minutes by train 

(From Nagoya station to Kanayama station JR or Meitetsu line) 

About 15 minutes by car 

From Kanayama Station: About 1 minute walk 

From Sakae Area: About 5 minutes by subway 

(From Sakae station to Kanayama station on Meijyo line) 

From Central Japan 

International Airport (Centrair): 

About 25 minutes by Meitetsu Railways 

From Nagoya Airport: About 35 minutes by car 

 

  

http://www.centrair.jp/en/index.html
http://www.centrair.jp/en/index.html
http://www.nagoya-airport-bldg.co.jp/en/index.html
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Floor Plan 

6F, ANA CROWNE PLAZA Hotel Grand Court Nagoya  
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Program at a Glance 

Wednesday , November 4 

HEF Internal Meeting and Staff Training 
 

Thursday, November 5 

Oral Sessions 
6F, ANA CROWNE PLAZA Hotel Grand Court Nagoya 

Time Schedule Venue 

08:00-17:00 Registration  Foyer 

08:45-10:15 Biological Engineering UGUISU 

Electrical and Electronic Engineering (1) /Information 
Engineering and Technology (1) 

HIBARI 

10:15-10:30 Break  Foyer 

10:30-12:00 Natural Science Keynote Speech  
Connected Design- Toward New Design Principles from an 
Evolutionary and Global Perspective 

OSHIDORI 

12:00-13:00 Lunch Time  

13:00-14:30 Life Sciences (1) UGUISU 

14:30-14:45 Break  Foyer 

14:45-16:15 Life Sciences (2) UGUISU 

16:15-16:30 Break  Foyer 

16:30-17:30 Information Engineering and Technology (2) TOKI 

Mechanical Engineering and Technology OSHIDORI 

Life Sciences (3) UGUISU 
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Thursday, November 5 

Poster Sessions 
6F, ANA CROWNE PLAZA Hotel Grand Court Nagoya 

Time Schedule Venue 

11:30-12:30 Poster Session (1) 

Life Sciences (1) / Biological Engineering / Environmental 

Engineering / Food, Agriculture and Veterinary Sciences / 

Mechanical Engineering and Technology 

HIBARI 

14:30-15:30 Poster Session (3) 

Chemical Engineering / Electrical and Electronic Engineering / 

Engineering Sciences / Information Engineering and Technology/ 

Materials Science and Engineering / Nanotechnology  

16:00-17:00 Poster Session (4) 

Life Sciences (2) 
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Friday, November 6 
Oral Sessions 

ANA CROWNE PLAZA Hotel Grand Court Nagoya, 6F 
Time Schedule Venue 

08:15-16:00 Registration  Foyer 

08:45-10:15 Life Sciences (4) UGUISU 

Information Engineering and Technology (3) HIBARI 

10:15-10:30 Break Foyer 

10:30-12:00 Life Sciences (5) UGUISU 

Electrical and Electronic Engineering (2) HIBARI 

12:00-13:00 Lunch Time  

13:00-14:30 Life Sciences (6) UGUISU 

Computer Engineering and Technology HIBARI 

14:30-14:45 Break Foyer 

14:45-16:15 Civil Engineering OSHIDORI 

Environmental Engineering / Food, Agriculture and Veterinary 

Sciences 

UGUISU 

Aeronautics & Aerospace Engineering / Chemical Engineering HIBARI 
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Natural Science Keynote Speech  

OSHIDORI, 6F 10:30-12:00 Thursday, November 5 

 

 

Dr.Yoshiro Miyata 

Professor 

Faculty of Engineering  

Tomohiro Ueshiba (Chukyo University),  

Mihoko Kamei (Sugiyama Jogakuen University) 

Japan 

Topic: Connected Design- Toward New Design Principles from an Evolutionary and 

Global Perspective 

Abstract of Speech 

For the children of the 20th century like ourselves, technologies are something that have 

made our daily lives more and more convenient and comfortable like air conditioning 

and microwaves.  The problem with these user-friendly technologies designed to 

maximize our immediate utilities of getting energy and food is that, when we turn them 

on, the processes of producing the foods and energies are mostly invisible.  As a result, it 

is hard to appreciate the work of the people who produce these resources that support 

our daily lives.  Also, it is hard to get curious and motivated to learn about these 

technologies and scientific knowledge behind them.  Thus, we live in a society in which 

people and resources that support our lives are not appreciated and it is difficult to get 

motivated to contribute to the community.  This is especially a serious issue in countries 

like Japan in which we rely almost all energies and 70% of foods on imports from around 

the world.   Fortunately, we can find a hope when we look back in history for a million 

years, and examine the natural environments in which our ancestors developed the early 

technologies.  In these environments, daily activities for securing food and energy, like 

crafting tools and maintaining fire, etc., served the functions of not only these immediate 

utilities but also of learning and constructing human relations in the 

community.  According to “Urge Theory” (Toda, 1981), our emotions necessary for 
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learning like curiosity and challenge or social emotions of appreciation and contribution 

are parts of our mental/social system that have evolved in order to survive in the natural 

environments.  Such system that took over a million years to evolve cannot have 

degenerated in just one hundred years or so of living with modern technologies.  Our 

challenge is how to re-activate these emotions that support learning and social relations 

even in our modern environments.  

In the keynote, we will share some of our efforts in World Museum Project, a network of 

schools and educators in more than 30 countries on the five continents who collaborate 

to create artworks with globally meaningful themes.  In “World Peace Song Project”, we 

collaborated with a multi-cultural musician group to create a song of peace that children 

around the world can sing in their own languages.  We premiered the song in a 

workshop and concert in Nagoya in March, 2014, which was streamed live via the 

internet for the participants around the world to view and send comments to be 

displayed on the concert stage.  In “Aichi Workshop Gathering”, many adults and 

students in the community collaborated to create a network of spaces for the local 

children to experience and learn technologies ranging from hand-crafts to computer 

programming. 

 

Brief Introduction of Dr. Yoshiro Miyata 

Yoshiro Miyata has been on the faculty of the School of Engineering (formally School of 

Computer and Cognitive Sciences), Chukyo University in Japan since 1989.  As a holder of a 

BS in Physics from Waseda University, a MS in Bioengineering from Osaka University, and a 

Ph.D. in Psychology from University of California at San Diego, he has always been interested 

in the relations between the physical, biological, psychological and social worlds.  He started 

his research on the design of everyday things as a member of the User Centered System 

Design (UCSD) research group at University of California at San Diego (UCSD) while at the 

same time working on brain-inspired models of human cognition in the Parallel Distributed 

Processing research group.  His interests in cognitive processes represented in connections 

in the brain has since expanded to connections between individuals, and connections with 

artifacts and natural environments.  Having worked in the multi-cultural and 

multi-disciplinary environment at UCSD, Bell Communications Research and University of 

Colorado at Boulder, he has come to believe in the power of collaboration across cultures and 
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disciplines.  In 2010, he started to collaborate with a few schools in Japan and other 

countries.  This collaboration has evolved into the World Museum Project involving people 

from more than 30 countries on the 5 continents in 2014.  In World Museum Project, he has 

coordinated many cross-cultural projects involving hundreds of children with themes ranging 

from foods, music, animals, to crafts and arts. 
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Oral Sessions –November 5 

Biological Engineering 

UGUISU, 6F 

08:45-10:15, Thursday, November 5 

Session Chair: Prof. Chu-Yang Chou 

 
LSBE-1707 

The Subcellular Changes of 0.4T SMF Exposure DPSCs 

Wei-Zhen Lew︱Taipei Medical University 

Ya-Hui Lin
 ︱Taipei Medical University

 

Haw-Ming Huang︱Taipei Medical University 

 

LSBE-1708 

The Combined Effect of Chemical and Physical Stimulation on Dental Pulp Stem Cells 

Kun-Yu Huang︱Taipei Medical University 

Haw-Ming Huang︱Taipei Medical University 

 

LSBE-1705 

Histological and Molecular Evaluation of Healing Bone Treated with Human Dentin 

Materials 

Yu-Chih Huang︱Taipei Medical University 

Meng-Yin Yeh︱Taipei Medical University 

Haw-Ming Huang︱Taipei Medical University 

 

LSBE-1714 

Optimization of Genetic Transformation of Single Cell Suspension Culture of Banana 

Mediated by Agrobacterium Tumefaciens Harboring Plasmid pART-TEST7 

Dian Magfirah Hala︱Institut Technology Bandung 

Fenny M. Dwivanny ︱Institut Technology Bandung 

Rizkita R. Esyanti︱Institut Technology Bandung 

 

LSBE-1681 

Effect of Different Amino Acid for Growth and Pigmentation of Monascus on Rice Starch 

Solid Surface Medium 

Teerin Chysirichote︱King Mongkut’s Institute of Technology Ladkrabang 
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LSBE-1793 

The Correlation between Fractional Flow Reserve and Wall Shear Stress in a Patient-Specific 

Coronary Arterial Models with Virtual Narrowing 

Kyung Eun Lee︱Kangwon National University 

Gook Tae Kim︱Kangwon National University 

Eun Bo Shim︱Kangwon National University 

 

LSBE-1785 

Co-Digestion of Anaerobic Digestate of Pig Manure and Vegetable Wastes 

Yu-Shan Lin︱National Taiwan University 

An-Chi Liu︱National Taiwan University 

Chu-Yang Chou︱National Taiwan University 
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Electrical and Electronic Engineering (1) / Information Engineering and 

Technology (1) 

HIBARI, 6F 

08:45-10:15, Thursday, November 5 

Session Chair: Prof. Lan-Rong Dung 

 
ACEAT-468 

An Automatic Detection Algorithm of Abandoned Objects and Abandoner for Surveillance 

Systems 

Sheng-Fuu Lin︱National Chiao Tung University 

Yi-Chieh Sun︱National Chiao Tung University 

Jiao-Rou Liao︱National Chiao Tung University 

 

ACEAT-490 

Adaptive Battery Equalization Algorithm for Capacitor-Based Battery Management System 

Lan-Rong Dung︱National Chiao Tung University 

Yu-Syuan Peng︱National Chiao Tung University 

 

ACEAT-511 

A Design of Vehicle’s Positioning System 

Der-Cherng Liaw︱National Chiao Tung University 

Sung-Ming Lo︱National Chiao Tung University 

 

ACEAT-695 

Nonlinear Fault-Tolerant Control Scheme with Application to Electric Vehicles 

Chih-Chiang Chen︱National Chiao Tung University 

Ching-Yi Hung︱National Chiao Tung University 

Lian-Cyun Li︱National Chiao Tung University 

Yew-Wen Liang︱National Chiao Tung University 
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ACEAT-682 

High Step-Up Ratio DC-DC Converter Using Class-E Resonant Inverter and Class-DE FB 

Rectifier for Low Voltage Renewable Energy System 

Chaiyan Thongsongyod︱King Mongkut's University of Technology Thonburi  

Itsda Boonyaroonate︱King Mongkut's University of Technology Thonburi 

Chainarin Ekkaravarodome︱King Mongkuts University of Technology North Bangkok 

Kohji Higuchi︱University of Electro-Communications 

Kamon Jirasereeamornkul︱King Mongkut's University of Technology Thonburi 

 

ACEAT-670 

A GAHP-Based Quantitative Method for Risk Assessment of Debris-Flow Hazards 

Li Jeng Huang︱National Kaohsiung University of Applied Science 
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Life Sciences (1)  

UGUISU, 6F  

13:00-14:30, Thursday, November 5 

Session Chair: Prof. Mayura Soonwera 

 
LSBE-1700 

Pediculicidal Potential of Herbal Shampoos from Zingiber officinale Roscoe and Camellia 

sinensis (L.) Kuntze on Mortality of Head Louse (Pediculus humanus capitis De Geer) 

Mayura Soonwera︱King Mongkut’s Institute of Technology Ladkrabang 

 

LSBE-1701 

Pretreatment of Cellulose from Cassava Rhizome by Two-Stage Chemical Reagents for High 

Yield of Bioethanol Production 

Anissara Ontanee︱Khon Kaen University 

Bunpot Klinpratoom︱Khon Kaen University 

Chalerm Ruangviriyachai︱Khon Kaen University 

 

LSBE-1709 
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1. Introduction 

The conventional PMSM control needs a speed sensor or an optical encoder to 

measure the rotor speed and feedback it to the controller for ensuring the precision 

speed control. Such sensor presents some disadvantages such as drive cost, machine 

size, reliability and noise immunity. In recent year, a sensorless control without 

position and speed sensors for PMSM drive become a popular research topic in 

literature [1-5]. In those researches, there are two approaches which one is 

model-based approach and another is nonmodel-based approach. In the former, there 

are back electromotive force (Back EMF), sliding mode observer (SMO) [2], 

extended Kalman filter (EKF) [3], etc. In the latter, the well-known method is the high 

frequency signal injection (HFSI) [4]. The HFSI is suitable for the interior PMSM 

ACEAT-577 

The Estimation of Rotor Position and Speed for a Sensorless PMSM 

Drive Using High Frequency Signal Injection 

*Corresponding Author: kung@mail.stust.edu.tw 

 

Abstract 

Based on the high frequency signal injection (HFSI), the estimation of the rotor 

position and speed for a sensorless permanent magnet synchronous motor (PMSM) is 

presented in this work. Firstly, the mathematical model for PMSM is derived. 

Secondly, HFSI is described which a high frequency sinusoidal voltage is injected 

into the estimated d-axis, and the high frequency current response in q-axis is 

acquired to further estimate the rotor position and rotor speed through a signal 

modulation process. Finally, to evaluate the effectiveness and correctness of the 

proposed rotor position estimation system, a co-simulation by using ModelSim and 

Simulink is applied. The PMSM, inverter, HFSI and speed command are performed in 

Simulink and the space vector pulse width modulation (SVPWM) and coordinate 

transformation described by a hardware description language (HDL) is executed in 

ModelSim. Some simulation cases are also demonstrated.   

 

Keyword: High frequency signal injection (HFSI), Sensorless PMSM drive, Rotor 

position estimation, ModelSim/Simulink co-simulation.  
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which belongs to the salient pole machine or suitable for the surface PMSM when the 

saturation saliency phenomenon is occurred [4]. Compare with the model-based 

approach, the HFSI is insensitive to the PMSM parameter, and it can estimate the 

rotor position of PMSM very well at low speed and standstill condition.           

 

Recently, a co-simulation work by electronic design automation (EDA) Simulator 

Link has been gradually applied to verify the effectiveness of HDL code in the motor 

drive system [6-7]. The EDA Simulator Link provides a co-simulation interface 

between Simulink [8] and HDL simulators-ModelSim [9]. Therefore, EDA Simulator 

Link lets you use MATLAB code and Simulink models as a test bench that generates 

stimulus for an HDL simulation and analyzes the simulation’s response. In this paper, 

a co-simulation by EDA Simulator Link is applied to the estimation of the rotor 

position and speed for a sensorless PMSM drive. The PMSM, inverter, HFSI and 

speed command are performed in Simulink and the SVPWM and coordinate 

transformation described by VHDL code is executed in ModelSim. Some simulations 

will validate the effectiveness of the estimation of the rotor position and rotor speed 

for a sensorless PMSM drive using HFSI. 

 

2. The HFSI-based estimator in PMSM drives 

The estimator architecture of PMSM drive based on HFSI [4] is shown in Fig.1. It 

includes a PMSM, an inverter, a V/F controller and a HFSI-based estimator. The 

simulation environment is constructed by using ModelSim and Simulink, and its 

estimation algorithm is described as follows.      
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Fig. 1 The estimator architecture of PMSM using HFSI 

The mathematical modeling of PMSM in d-q synchronous rotating axis can be 

expressed as follows. 

qqe
d

ddsd iL
dt

di
Lirv        (1) 

fedde

q

qqsq iL
dt

di
Lirv                      (2) 

where dv ,
qv are the d-axis and q-axis voltages; di ,

qi  are the d-axis and q-axis 

currents; dL ,
qL  are the d-axis and q-axis inductances; sr is a stator resistor; 

f  is 

the magnetic field linkage; e  is the electrical rotating frequency. 

When PMSM operates in the low speed or near standstill condition, the e approaches 

to zero; therefore, the cross coupling item and back EMF can be ignored. In addition, 

when a high frequency signal ( h ) with
sqh rL   is injected, the (1)-(2) can be 

further reduced as 

dt

di
Lv d

dd                                  (3) 

dt

di
Lv

q

qq                                               (4) 

Before applying the HFSI, three reference frames are defined and shown in Fig. 2. 

The  - axis is the stator reference coordinate; d - q axis is the actual rotating 

synchronous reference coordinate; d̂ - q̂  is the estimated rotating synchronous 

reference coordinate. The angle between d - q axis and  - axis is
e , and between

d̂ - q̂ axis and - axis is 
e̂ . Further, the estimated error is defined as  

eee  ˆ                                                 (5) 
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Fig. 2 The relationship among three reference frames [4] 

If a high frequency voltage is injected to d̂ axis, the high frequency voltage equation 

in d̂ - q̂  axis is presented as follows 

)cos(ˆ tUv hmhdh                                              (6) 0ˆ qhv                                     

               (7) 

where 
qhdh uu ˆ,ˆ are high frequency voltages in d̂ - q̂  axis; mhU  is the voltage 

magnitude; h  is the high frequency value. If the (6)-(7) are transformed from d̂ - q̂

axis to d - q axis, the high frequency voltage in d - q axis are respectively derived as 

follows 

ehmhdh tUv  cos)cos(          (8) 

ehmhqh tUv  sin)cos(                                (9) 

where
qhdh uu  ,  are high frequency voltages in d - q axis. Further, substituting (8)-(9) 

into (3)-(4) and neglecting the inductance variation, the high frequency current 

response are 

dh

ehmh
dh

L

tU
i



 cos)sin(
                                    (10) 

qh

ehmh
qh

L

tU
i



 sin)sin(
                       (11) 

where 
qhdh ii  ,  are high frequency currents response in d - q axis. Continuously 

proceeding the coordinate transformation, high frequency currents response in d̂ - q̂

axis can be obtained as follows. 
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2

ˆ tLLLL
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i hedqdq
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)sin()2sin(
2

)(
ˆ t

LL

LLU
i he

dqh

dqmh

qh 



                             (13) 

where qhdh ii ˆ ,ˆ  are high frequency currents response in d̂ - q̂  axis, and from (12), it 
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shows that qhî  includes e  information. Therefore, if we can control the e  

to be zero, the rotor position can be estimated. To reach this goal, firstly, let qhî

multiplies )sin( th function and the formulation is become as follows.  

)]2cos(21)[2sin(
4

)(
)sin(ˆ t

LL

LLU
ti he

dqh

dqmh

hqh 


 


                (14) 

From (14), it consists of a dc component and a harmonic item. If this output in (14) 

sends to a low pass filter, as follows,  

)2sin(
4

)(
 ))sin(ˆ()( e

dqh

dqmh

hqh
LL

LLU
tiLPFf 





   (15) 

the harmonic item will be filtered and only the dc component is left. The LPF in (15) 

represents low pass filter. Further, if we assume that the e is small enough in (15), 

the ee  2 )2sin(  . Thus, a PI controller is applied to tune e  to zero, the 

initial rotor position e can be estimated. The signal modulation process in HFSI 

algorithm is shown in Fig. 1. 

 

3. Simulation system and results 

The estimator architecture of PMSM using HFSI is shown in Fig.1. Firstly, a high 

frequency voltage (HFV) in d-axis is injected with magnitude by 200 (0.1 unit) and 

1kHz frequency cosin function. The HFV, through coordinate transformation, 

SVPWM, inverter, etc. will further generate a corresponding voltage to supply to 

PMSM. Secondly, the q-axis current can be acquired after detecting the three phase 

currents and through by Clark and Park transformation. Thirdly, the q-axis current 

will be sent to the signal modulation process in HFSI algorithm for the purpose of 

estimating the rotor position and rotor speed. In the design of the signal modulation 

process in Fig.1, the q-axis current is detected and sent into a 1kHz band-pass filter; 

then the output value multiplies with a 1kHz sinusoidal signal. Further, a first order 

low-pass filter with 160Hz cut-off frequency and a PID controller with Kp=180, 

Ki=20 and Kd=0 are cascaded with this signal. Via to the aforementioned signal 

modulation, the rotor speed can be estimated, and rotor position after integral the 

estimated rotor speed can be obtained. 

 



 

325 

In the design of the simulation, a combination of the ModelSim and Simulink is 

applied to co-simulate the HFSI-based rotor position and speed estimation for PMSM 

drive, and it is shown in Fig. 3. In the Simulink environment, it includes a ModelSim 

work, a HFSI-based estimator, a PMSM, an IGBT-based inverter, and some input 

signals and output displays. In ModelSim, it performs the V/F control with coordinate 

transformation and SVPWM. PMSM model and IGBT model are the components of 

the Matlab toolbox - SimPowerSystems. The work in Fig. 3(a) is implemented by 

digital hardware using VHDL. The clocks of 50MHz and 12.5MHz will supply the 

work in ModelSim. The designed PMSM parameters are that pole pairs is 8, stator 

phase resistance is 1.3, stator inductance in d-axis is 4.3mH and in q-axis is 6.3mH, 

inertia is J=0.000108 kg*m
2
 and friction factor is F=0.0013 N*m*s. The difference 

values are set in d-axis inductance and q-axis inductance to create the effect of 

saturation saliency. In addition, the initial electrical position (or flux angle) is the 

initial rotor position multiplies the pole pairs of the motor.                 

 
 (a)  

 
(b) 

Fig. 3 ModelSim/Simulink co-simulation architecture for (a) the overall system     

(b) the only signal modulation process of HFSI   

 

Rotor position and speed estimator using HFSI

PMSM

Work-1
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In simulation, the initial rotor position is firstly tested. A high frequency voltage (HFV) 

in d-axis is injected with magnitude by 200 (0.1 unit) and 1kHz frequency cosin 

function. Additionally, the voltage in q-axis is set to zero. The initial rotor position is 

set to 15 degree (the initial flux angle be 120 degree) in PMSM model. Use the same 

designed parameters of the low-pass filter and PID controller as before, the simulation 

results are shown in Fig. 4. The initial flux angle tracking response is shown in Fig. 

4(a). It presents that the tracking time is about 0.02 s and a little steady state error 

with 2-3 degrees occurred. Figure 4(b) reveals the estimated rotor speed response. 

However, it should be zero, but the estimated rotor speed appears maximun 170 rpm 

before 0.03s. From Fig. 4(a)-4(b), it shows that the steady-state time to acquire the 

initial rotor position is about 0.03s. In Fig. 4(c)-4(d), it also presents the signal results 

of )sin(* tiq  before and after low-pass filter. The results demonstrate that the first 

order filter with 160Hz cut-off frequency is available. At the same simulation 

condition but different initial rotor position setting with 5 degree (initial flux angle be 

40 degree) and 20 degree (initial flux angle be 160 degree) are also tested. The 

simulation results at two cases are shown in Fig. 5. In case of the initial flux angle 

with 40 degree, the tracking time of estimated rotor position to initial rotor position is 

0.01s, but in case of initial flux angle with 40 degree, the tracking time needs 0.025s. 

However, from Figs. 4-5, it demonstrates that the HFSI can accurately estimate the 

initial rotor position if initial flux angle is less than 180 degree. 

  

   

Fig. 4 The simulation results of the initial rotor position estimation (a) the estimated 

rotor position response (b) the estimated rotor speed response (c) the signal before 

low-pass filter (d) the signal after low-pass filter 
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Fig. 5 The simulation results of the initial rotor position estimation under the condition 

of (a) the initial flux angle is 40 degree and (b) the initial flux angle is 160 degree  

After confirming the success of initial rotor position, the estimation of rotor position 

and rotor speed applying HFSI at low-speed running condition for PMSM drive are 

tested and simulated. The ModelSim/Simulink co-simulation architecture is shown in 

Fig. 3 which is a V/F control system. However, the dV  in work-1 is designed with a 

1kHz high frequency cosin function with magnitude by 200, but qV is set to a constant 

value. To do the test, qV is designed with two kinds of step command with magnitude 

which one is 100 (0.05 unit) and another is  60 ( 0.03 unit). The initial rotor position 

is set to 15 degree (Initial flux angle be 120 degree) in PMSM model. The parameters 

of PMSM model in Fig. 3 is set to the same as before. When qV  command is the first 

case with magnitude being 100, the simulation result is shown in Fig. 6(a). At the 

beginning time, the estimated rotor position using HFSI estimator will track the initial 

rotor position. However, after the time large than 0.025s, the estimated rotor position 

can follows up the real rotor position, but with 34 degree (flux angle) phase lag. In the 

rotor speed tracking, although the estimated rotor speed has large tracking error with 

170rpm in the beginning time, but it can track the actual rotor speed very well after 

0.065s. Finally, the motor runs between 126 rpm and 132rpm condition. When qV  

command is belongs to the second case with magnitude being  60, the simulation 

result is shown in Fig. 6(b). The speed transient response and the initial rotor position 

tracking are very similar with the first case. However, when the qV  command is 60, 

the estimated rotor speed is run with oscillation and speed values is within 80rpm and 
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87rpm, but the qV  command is 60, the estimated rotor speed is oscillated within 

-85rpm and -92rpm. It is also shown that the estimated rotor position can follow up the 

actual rotor position very well but with 25 degree (flux angle) phase lag. From the Fig. 

6, it demonstrates that the rotor position and rotor speed estimation using HFSI can 

give very good tracking results, although it appears some phase lag phenomenon.  

   

Fig. 6 The simulation results of the rotor position and speed estimation using HFSI 

under (a) qV =100 and (b) qV = 60  

4. Conclusion 

This work has been presented a rotor position and speed estimation for a sensorless 

PMSM drive based on HFSI and successfully demonstrated through co-simulation by 

using Simulink and ModelSim. Simulation results show that the initial rotor position 

can be accurately estimated within about 0.025 second. It also shows that the 

estimated rotor speed and track actual rotor speed well at the low speed condition. In 

the future, the hardware implementation of HFSI algorithm can be carried on and 

verified in FPGA (Field Programmable Gate Array).       
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1. Introduction 

The conventional PMSM control needs a speed sensor or an optical encoder to 

measure the rotor speed and feedback it to the controller for ensuring the precision 

speed control. Such sensor presents some disadvantages such as drive cost, machine 

size, reliability and noise immunity. In recent year, a sensorless control without 

position and speed sensors for PMSM drive become a popular research topic in 

literature [1-5]. In those researches, there are two approaches which one is 

model-based approach and another is nonmodel-based approach. In the former, there 

are back electromotive force (Back EMF), sliding mode observer (SMO) [2], 

extended Kalman filter (EKF) [3], etc. In the latter, the well-known method is the high 

frequency signal injection (HFSI) [4]. The HFSI is suitable for the interior PMSM 

ACEAT-577 

The Estimation of Rotor Position and Speed for a Sensorless PMSM 

Drive Using High Frequency Signal Injection 

*Corresponding Author: kung@mail.stust.edu.tw 

 

Abstract 

Based on the high frequency signal injection (HFSI), the estimation of the rotor 

position and speed for a sensorless permanent magnet synchronous motor (PMSM) is 

presented in this work. Firstly, the mathematical model for PMSM is derived. 

Secondly, HFSI is described which a high frequency sinusoidal voltage is injected 

into the estimated d-axis, and the high frequency current response in q-axis is 

acquired to further estimate the rotor position and rotor speed through a signal 

modulation process. Finally, to evaluate the effectiveness and correctness of the 

proposed rotor position estimation system, a co-simulation by using ModelSim and 

Simulink is applied. The PMSM, inverter, HFSI and speed command are performed in 

Simulink and the space vector pulse width modulation (SVPWM) and coordinate 

transformation described by a hardware description language (HDL) is executed in 

ModelSim. Some simulation cases are also demonstrated.   

 

Keyword: High frequency signal injection (HFSI), Sensorless PMSM drive, Rotor 

position estimation, ModelSim/Simulink co-simulation.  
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which belongs to the salient pole machine or suitable for the surface PMSM when the 

saturation saliency phenomenon is occurred [4]. Compare with the model-based 

approach, the HFSI is insensitive to the PMSM parameter, and it can estimate the 

rotor position of PMSM very well at low speed and standstill condition.           

 

Recently, a co-simulation work by electronic design automation (EDA) Simulator 

Link has been gradually applied to verify the effectiveness of HDL code in the motor 

drive system [6-7]. The EDA Simulator Link provides a co-simulation interface 

between Simulink [8] and HDL simulators-ModelSim [9]. Therefore, EDA Simulator 

Link lets you use MATLAB code and Simulink models as a test bench that generates 

stimulus for an HDL simulation and analyzes the simulation’s response. In this paper, 

a co-simulation by EDA Simulator Link is applied to the estimation of the rotor 

position and speed for a sensorless PMSM drive. The PMSM, inverter, HFSI and 

speed command are performed in Simulink and the SVPWM and coordinate 

transformation described by VHDL code is executed in ModelSim. Some simulations 

will validate the effectiveness of the estimation of the rotor position and rotor speed 

for a sensorless PMSM drive using HFSI. 

 

2. The HFSI-based estimator in PMSM drives 

The estimator architecture of PMSM drive based on HFSI [4] is shown in Fig.1. It 

includes a PMSM, an inverter, a V/F controller and a HFSI-based estimator. The 

simulation environment is constructed by using ModelSim and Simulink, and its 

estimation algorithm is described as follows.      
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Fig. 1 The estimator architecture of PMSM using HFSI 

The mathematical modeling of PMSM in d-q synchronous rotating axis can be 

expressed as follows. 

qqe
d

ddsd iL
dt

di
Lirv        (1) 

fedde

q

qqsq iL
dt

di
Lirv                      (2) 

where dv ,
qv are the d-axis and q-axis voltages; di ,

qi  are the d-axis and q-axis 

currents; dL ,
qL  are the d-axis and q-axis inductances; sr is a stator resistor; 

f  is 

the magnetic field linkage; e  is the electrical rotating frequency. 

When PMSM operates in the low speed or near standstill condition, the e approaches 

to zero; therefore, the cross coupling item and back EMF can be ignored. In addition, 

when a high frequency signal ( h ) with
sqh rL   is injected, the (1)-(2) can be 

further reduced as 

dt

di
Lv d

dd                                  (3) 

dt

di
Lv

q

qq                                               (4) 

Before applying the HFSI, three reference frames are defined and shown in Fig. 2. 

The  - axis is the stator reference coordinate; d - q axis is the actual rotating 

synchronous reference coordinate; d̂ - q̂  is the estimated rotating synchronous 

reference coordinate. The angle between d - q axis and  - axis is
e , and between

d̂ - q̂ axis and - axis is 
e̂ . Further, the estimated error is defined as  

eee  ˆ                                                 (5) 
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Fig. 2 The relationship among three reference frames [4] 

If a high frequency voltage is injected to d̂ axis, the high frequency voltage equation 

in d̂ - q̂  axis is presented as follows 

)cos(ˆ tUv hmhdh                                              (6) 0ˆ qhv                                     

               (7) 

where 
qhdh uu ˆ,ˆ are high frequency voltages in d̂ - q̂  axis; mhU  is the voltage 

magnitude; h  is the high frequency value. If the (6)-(7) are transformed from d̂ - q̂

axis to d - q axis, the high frequency voltage in d - q axis are respectively derived as 

follows 

ehmhdh tUv  cos)cos(          (8) 

ehmhqh tUv  sin)cos(                                (9) 

where
qhdh uu  ,  are high frequency voltages in d - q axis. Further, substituting (8)-(9) 

into (3)-(4) and neglecting the inductance variation, the high frequency current 

response are 

dh

ehmh
dh
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tU
i
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 cos)sin(
                                    (10) 

qh
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 sin)sin(
                       (11) 

where 
qhdh ii  ,  are high frequency currents response in d - q axis. Continuously 

proceeding the coordinate transformation, high frequency currents response in d̂ - q̂

axis can be obtained as follows. 
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where qhdh ii ˆ ,ˆ  are high frequency currents response in d̂ - q̂  axis, and from (12), it 
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shows that qhî  includes e  information. Therefore, if we can control the e  

to be zero, the rotor position can be estimated. To reach this goal, firstly, let qhî

multiplies )sin( th function and the formulation is become as follows.  

)]2cos(21)[2sin(
4

)(
)sin(ˆ t

LL

LLU
ti he

dqh

dqmh

hqh 


 


                (14) 

From (14), it consists of a dc component and a harmonic item. If this output in (14) 

sends to a low pass filter, as follows,  

)2sin(
4

)(
 ))sin(ˆ()( e

dqh

dqmh

hqh
LL

LLU
tiLPFf 





   (15) 

the harmonic item will be filtered and only the dc component is left. The LPF in (15) 

represents low pass filter. Further, if we assume that the e is small enough in (15), 

the ee  2 )2sin(  . Thus, a PI controller is applied to tune e  to zero, the 

initial rotor position e can be estimated. The signal modulation process in HFSI 

algorithm is shown in Fig. 1. 

 

3. Simulation system and results 

The estimator architecture of PMSM using HFSI is shown in Fig.1. Firstly, a high 

frequency voltage (HFV) in d-axis is injected with magnitude by 200 (0.1 unit) and 

1kHz frequency cosin function. The HFV, through coordinate transformation, 

SVPWM, inverter, etc. will further generate a corresponding voltage to supply to 

PMSM. Secondly, the q-axis current can be acquired after detecting the three phase 

currents and through by Clark and Park transformation. Thirdly, the q-axis current 

will be sent to the signal modulation process in HFSI algorithm for the purpose of 

estimating the rotor position and rotor speed. In the design of the signal modulation 

process in Fig.1, the q-axis current is detected and sent into a 1kHz band-pass filter; 

then the output value multiplies with a 1kHz sinusoidal signal. Further, a first order 

low-pass filter with 160Hz cut-off frequency and a PID controller with Kp=180, 

Ki=20 and Kd=0 are cascaded with this signal. Via to the aforementioned signal 

modulation, the rotor speed can be estimated, and rotor position after integral the 

estimated rotor speed can be obtained. 
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In the design of the simulation, a combination of the ModelSim and Simulink is 

applied to co-simulate the HFSI-based rotor position and speed estimation for PMSM 

drive, and it is shown in Fig. 3. In the Simulink environment, it includes a ModelSim 

work, a HFSI-based estimator, a PMSM, an IGBT-based inverter, and some input 

signals and output displays. In ModelSim, it performs the V/F control with coordinate 

transformation and SVPWM. PMSM model and IGBT model are the components of 

the Matlab toolbox - SimPowerSystems. The work in Fig. 3(a) is implemented by 

digital hardware using VHDL. The clocks of 50MHz and 12.5MHz will supply the 

work in ModelSim. The designed PMSM parameters are that pole pairs is 8, stator 

phase resistance is 1.3, stator inductance in d-axis is 4.3mH and in q-axis is 6.3mH, 

inertia is J=0.000108 kg*m
2
 and friction factor is F=0.0013 N*m*s. The difference 

values are set in d-axis inductance and q-axis inductance to create the effect of 

saturation saliency. In addition, the initial electrical position (or flux angle) is the 

initial rotor position multiplies the pole pairs of the motor.                 

 
 (a)  

 
(b) 

Fig. 3 ModelSim/Simulink co-simulation architecture for (a) the overall system     

(b) the only signal modulation process of HFSI   

 

Rotor position and speed estimator using HFSI

PMSM

Work-1
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In simulation, the initial rotor position is firstly tested. A high frequency voltage (HFV) 

in d-axis is injected with magnitude by 200 (0.1 unit) and 1kHz frequency cosin 

function. Additionally, the voltage in q-axis is set to zero. The initial rotor position is 

set to 15 degree (the initial flux angle be 120 degree) in PMSM model. Use the same 

designed parameters of the low-pass filter and PID controller as before, the simulation 

results are shown in Fig. 4. The initial flux angle tracking response is shown in Fig. 

4(a). It presents that the tracking time is about 0.02 s and a little steady state error 

with 2-3 degrees occurred. Figure 4(b) reveals the estimated rotor speed response. 

However, it should be zero, but the estimated rotor speed appears maximun 170 rpm 

before 0.03s. From Fig. 4(a)-4(b), it shows that the steady-state time to acquire the 

initial rotor position is about 0.03s. In Fig. 4(c)-4(d), it also presents the signal results 

of )sin(* tiq  before and after low-pass filter. The results demonstrate that the first 

order filter with 160Hz cut-off frequency is available. At the same simulation 

condition but different initial rotor position setting with 5 degree (initial flux angle be 

40 degree) and 20 degree (initial flux angle be 160 degree) are also tested. The 

simulation results at two cases are shown in Fig. 5. In case of the initial flux angle 

with 40 degree, the tracking time of estimated rotor position to initial rotor position is 

0.01s, but in case of initial flux angle with 40 degree, the tracking time needs 0.025s. 

However, from Figs. 4-5, it demonstrates that the HFSI can accurately estimate the 

initial rotor position if initial flux angle is less than 180 degree. 

  

   

Fig. 4 The simulation results of the initial rotor position estimation (a) the estimated 

rotor position response (b) the estimated rotor speed response (c) the signal before 

low-pass filter (d) the signal after low-pass filter 

0 0.005 0.01 0.015 0.02 0.025
-20

0

20

40

60

80

100

120

140

160

180

Initial rotor position

Estimated rotor position

Time (s)

F
lu

x
 a

n
g

le
 (

d
e
g

re
e
)

(a)

0 0.01 0.02 0.03 0.04 0.05 0.06
-0.05

0

0.05

0.1

0.15

0.2

0.25

Time (s)

Iq
*s

in
(w

t)

Before LP filter

(c)

0 0.01 0.02 0.03 0.04 0.05 0.06
-20

0

20

40

60

80

100

120

140

160

180

Initial rotor

speed

Estimated rotor

speed

Time (s)

R
o

to
r 

s
p

e
e

d
 (

rp
m

)

(b)

0 0.01 0.02 0.03 0.04 0.05 0.06
-0.02

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

Time (s)

Iq
*s

in
(w

t)

After LP filter

(d)



 

327 

 

Fig. 5 The simulation results of the initial rotor position estimation under the condition 

of (a) the initial flux angle is 40 degree and (b) the initial flux angle is 160 degree  

After confirming the success of initial rotor position, the estimation of rotor position 

and rotor speed applying HFSI at low-speed running condition for PMSM drive are 

tested and simulated. The ModelSim/Simulink co-simulation architecture is shown in 

Fig. 3 which is a V/F control system. However, the dV  in work-1 is designed with a 

1kHz high frequency cosin function with magnitude by 200, but qV is set to a constant 

value. To do the test, qV is designed with two kinds of step command with magnitude 

which one is 100 (0.05 unit) and another is  60 ( 0.03 unit). The initial rotor position 

is set to 15 degree (Initial flux angle be 120 degree) in PMSM model. The parameters 

of PMSM model in Fig. 3 is set to the same as before. When qV  command is the first 

case with magnitude being 100, the simulation result is shown in Fig. 6(a). At the 

beginning time, the estimated rotor position using HFSI estimator will track the initial 

rotor position. However, after the time large than 0.025s, the estimated rotor position 

can follows up the real rotor position, but with 34 degree (flux angle) phase lag. In the 

rotor speed tracking, although the estimated rotor speed has large tracking error with 

170rpm in the beginning time, but it can track the actual rotor speed very well after 

0.065s. Finally, the motor runs between 126 rpm and 132rpm condition. When qV  

command is belongs to the second case with magnitude being  60, the simulation 

result is shown in Fig. 6(b). The speed transient response and the initial rotor position 

tracking are very similar with the first case. However, when the qV  command is 60, 

the estimated rotor speed is run with oscillation and speed values is within 80rpm and 
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87rpm, but the qV  command is 60, the estimated rotor speed is oscillated within 

-85rpm and -92rpm. It is also shown that the estimated rotor position can follow up the 

actual rotor position very well but with 25 degree (flux angle) phase lag. From the Fig. 

6, it demonstrates that the rotor position and rotor speed estimation using HFSI can 

give very good tracking results, although it appears some phase lag phenomenon.  

   

Fig. 6 The simulation results of the rotor position and speed estimation using HFSI 

under (a) qV =100 and (b) qV = 60  

4. Conclusion 

This work has been presented a rotor position and speed estimation for a sensorless 

PMSM drive based on HFSI and successfully demonstrated through co-simulation by 

using Simulink and ModelSim. Simulation results show that the initial rotor position 

can be accurately estimated within about 0.025 second. It also shows that the 

estimated rotor speed and track actual rotor speed well at the low speed condition. In 

the future, the hardware implementation of HFSI algorithm can be carried on and 

verified in FPGA (Field Programmable Gate Array).       
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