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A Dual Qutput Series Resonant Inverter with Improved
Asymmetrical Voltage-Cancellation Control for Induction
Cooking Appliance
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and Chayant Koompai'
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Abstract-This paper presents a dual output full-bridge series
resonant inverter with improved asymmetrical voltage-
cancellation control for induction cooking appliance. The
proposed control scheme can adjust the output power
arately, and achieves the zero-voltage switching (ZVS)
ndition with improved efficiency. A laboratory prototype has
heen implemented on a DSPIC2010 controller. The experimental
esults are presented to validate the proposed control scheme.

| I. INTRODUCTION

In recent yearss.' coolﬂp}g appliances using induction
technology are becoming popular. A growing favorite in the
restaurant kitchens and households, induction cooktops
generate a high-frequency alternating current magnetic field
that reacts with ferrous metal (iron or steel) in cookware to
create heat. The main benefits of the induction cooking
appliances are energy saving, safety, fast heat generation and
no ambient heat. The requirements for induction cooking
appliance are given as high frequency switching, power factor
" +close to unity, high efficiency, low cost, wide power range
and reliability.

The configuration of induction-heating cooking appliance
consists of rectifier, inverter and resonant load as shown in
Fig. 1. Main source is ac supply voltage. The rectifier

onverts ac voltage to dc voltage. A dc capacitor is used for
éterﬁng the ripple voltage. The inverter converts the dc
voltage into the high-frequency ac voltage for the load. The
aditional topology of inverter uses the single switch [1], the
half bridge inverter [2], and full bridge inverters [3]-[5S]. The
series resonant load consists of a resonant capacitor connect
with a cooking coil. In general, the switching-frequency
control techniques of the inverter are the variable-frequency
and fixed-frequency technique. However, the variable-
frequency technique is not preferred for the domestic
induction heating appliance because of the electromagnetic
interference (EMI) and difficult control [6]. The popular
techniques for the domestic induction heating appliance is
fixed—frequency control, which has several techniques such
as the phase shift (PS), the asymmetrical duty cycle (ADC)
[8], the asymmetrical voltage cancellation (AVC) control [3].
The two conventional fixed-frequency control techniques
proposed for different dc—dc or dc—ac converters are the

978-1-61284-972-0/11/$26.00 ©2011 IEEE

Full-bridge
rectifier

Full-bridge inverter Cooking coil

gEmmm

Main source

Filter capacitor
P Resonant

capacitor

Signal gate
drive

Fig. 1. A schematic configuration of Induction-heating
cooking appliance.

phase-shift or clamped-mode control [2)-[3] and the
asymmetrical duty-cycle or asymmetrical PWM control [4]—
[5]. The recent development of the domestic induction
cooking appliances has been the multi-burner induction
cooker [8]-[10]. It uses the full-bridge inverter with six power
switch for two outputs. However, the power switches are used
for carrying both output load currents at series resonant loads.
This becomes burden of the system and decreases the system
efficiency.

This paper presents a dual output full-bridge series resonant
inverter with improved asymmetrical voltage-cancellation
control for induction cooking appliance. The purpose is to
improve the efficiency by reducing switching losses. The
paper is organized as follows. Section II presents the principle
of AVC-control. In section III, an improved AVC-control
with the operation mode of full bridge inverter for series
resonant load is described in detail. The experiment and
experimental results are given in Section IV and V,
respectively.

II. DUAL OUTPUTS FULL-BRIDGE SERIES RESONANT
INVERTER

A multi burner induction heating cooking appliances shows
in Fig. 2, and the AVC control shows in Fig. 3 [8]. The dual
output series resonant inverter in Fig.2 consists of the four
power switches such as Q,,0,,0, and Q, for load 1 and the

four power switches such as Q,,0,,0; and Q; for load 2.

2520
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Fig. 2. The full-bridge inverter with two output series
resonant loads.

The main power switches are Q, and Q,. This topology used

asymmetrical voltage-cancellation control technique for
induction cooking appliance. The series resonant load
consists of the equivalent resistance R, and the equivalent

c:(uctance L, connected with the resonant capacitor C,, The
average output power of series resonant load 1 ( P,) can be
-ontrolled by adjusting the angle &, of the output voltage of
load 1(v, ). Similarly, the average output power of series
resonant load 2 (‘Pn-z) ca'q’ be controlled by adjusting the
angle &z, of the output vc]lla%e of load 2 (v,,). Using this

scheme, the long operation time of power switch Q; and Qs
becomes redundant.
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Fig. 3. The full-bridge inverter with some typical waveforms
for AVC control [8].
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I1. THE IMPROVED AVC-CONTROL FOR DUAL QUTPUT SERIES
RESONANT INVERTER

A. Modes of Operation

By sharing the current between the power switches and
free-wheeling diodes, the switching pattern of an improved
AVC-control with the output current and voltage waveforms
are shown in Fig. 4. An improved AVC-control scheme is
operated with the switching frequency ( f, ) above the

resonant frequency ( f,). It can achieve the zero-voltage
switching (ZVS) condition at any operational modes. Fig. 5
shows the schematic circuit with the six operational modes of
an improved AVC- control. The average output power for
series resonant load 1 ( P, ) can be adjusted by the signal gate
drive of Q, with control the output voltage waveformv,,.
The average output power for series resonant load 2 ( P, ) can
be adjusted by the signal gate drive of Q,with control the
output voltage waveformv,,. The power losses on the power

switch or the insulated gate bipolar transistor (IGBT) are
produced by the current through the IGBT multiplying with
the voltage across the power terminal Collector (C) and
Emitter (E). Comparing switching pattern in Fig. 3 and 4, the
less operation time of power switches can be achieved.
Consequently, the efficiency of dual inverters can be
improved by sharing the load current through the power
switches and free-wheeling diodes.
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Fig. 4. Switching pattern of an improved AVC-control.
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Mode 1:(t,-1,)
In this mode stored energy from a resonant load is returned
to dc source and operated zero voltage switch (ZVS)
c‘?ndition. When 1 =1, , the power switches Q,,Q,and Q, are

urned off. The power switches Q,,0Q, and O, are applied
sut they does not conduct till ¢ .The anti-parallel Diodes
D;,D, and D,conduct from 1, to t,. The equivalent circuit
is shown Fig. 5(a), while the load current iyand i,are
negative and the output voltage v, and v,, are positive.
Mode 2 : (¢, -1,)

This mode is powering mode. At f=t, as soon as the
antiparallel diodes D,,D, and D, are turned off, the power
switches O, 0, and Qg are conducted that the ZVS operation

is achieved. The equivalent circuit is shown Fig. 5(b), while
the load current i, and i,, are positive and the output voltage

v, and v, are positive.
Mode 3: (1, -1,)
This mode shows that the energy does not transfer for load 1

o1 |;,,
1
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(b) Mode 2 : 1, -1,
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Mode 6

(f) Mode 6 : 1, ~1,

- Fig. 5. Operation modes of an improved AVC-control.

and the equivalent circuit is shown in Fig. 5(c). At ¢ = t,, the
load current i, is positive when the power switch @, is
turned on , and anti-parallel diode D, of the power switch 0,
is conducted. The output voltage v,, 18 equal to zero. At 1 =1,
for load 2, the load current i, is positive when the power
switch @, is turned on, and the power switch O, is
conducted. The output voltage v,, 18 positive.
Mode d: (1, -1,)

This mode is regenerative mode and shown the equivalent
circuit in Fig. 5(d). At ¢ =t,, the power switches 0,,0, and

O, are turned off with anti-parallel diode D,,D; and D;of
the power switches Q,,Q,and @ are conducted. Considering
for load 1, the load current i, throws the power switch Q, and
the anti-parallel diode D; . The output voltage v,, is negative.
Considering for load 2, The load current i, throws the
power switch Q,and the anti-parallel diode D . The output
voltage v, , is negative,

2522



Mode 5: (1, -1,)

This mode is powering mode and shows the equivalent
circuit in Fig. 5(e). At t=t,, the power switches Q,.Q,and
Qsare turned on. While the load current iyand i, are
negative and the output voltage v, and v,, are negative.
Mode 6: (1, -1,)

This mode shows energy does not transfer for load 2 and
shows the equivalent circuit in Fig. 5(f). At t= t; for load 1,
the load current i, is negative and the output voltage v, is
negative when the power switches Q, and 0, are conducted.
At t=1, for load 2, the load current i,, is negative when the
power switch Q; is turned on and the anti-parallel diode D,
of the power switch Q; is conducted while the output voltage
v,, is positive.

B. Analysis of the average output power

.’Ijhc schematic of full bri‘dge_ inverter w?th the two output
ries resonant load shows in Fig. 2. The aim of an imptroved
s \VC-control scheme is variable the average output power by
«djusted the output voltage waveform. The series resonant
load consists of the equivalent resistance (R,,) and the
equivalen{ inductap_pe {i"") that two components are
connected with the ljesonamt'éapacitor (€,), it show in Fig. 2.

The impedance of series resonant is given by

y 1
Z,=R, +J(woLm = }

w C

[}

cafomfed]

” +The amplitude of Z,_ is

Z'QJ:R”JI'FJ?Q! (mn__]h] N (2)
@

n

The phase of Z, is

Y w1

7]

the normalized switching angular frequency is
@, =2t @
[

a

The resonant angular frequency is
1
ajﬂ
JEIL.

where @, =2xf with ,being the switching angular

1

frequency and f, being the switching frequency. The load
quality factor (Q) is obtained by equation (5)

wﬂLf l Zﬂ
Q=—a = (5)
R o,R,C, R,

L
where Z, = ’E-"’— with Z, being the resonant impedance. The

average output power of series resonant load 1 (P,) can be
calculated from the output voltage waveform (v,,) as shown
in Fig. 4. Tt can be vary by adjusted the anglea,. The

equation of v, can be obtained by the Fourier series theory in
equation (6)

v, =V, + 21: {a, cosna,t +b, sinnw,1) (6)
n=]

where
T

1
Vul = F_[an (I)d&},f

_ (H—al)VDC _”(Voc‘).

(7)
2n
Where an = 0and
2 T
b, = = ;[ v (¢)sinnatdo,t
= %C_ii—[—cos (7 —e)~cosnx |sinnw,t (8)
n=]
-a, )V Va1 :
v, = (——?L)T—DC— +%§;[—cos(x—a, )—cosmr]smnw,f .
9)
Where
Vieiada 1
Voo :—f—%;[-cm(:rual)—cosmr] (10

Considering, the fundamental of V, can be obtained by
equation (11)

Voc I _
Vﬂ,‘,=—H—[l cos(7-a,)] (11)

m

The load current i, through the series resonant of load 1 is
derived by

iy =1, sin(@-4) (12)
Assumed
v
ml :[ml.l =
Zeql

Vo [l -cos(7-a, )J

= 2
. 1
er,q[Jl + jO (wﬂ _;ZJ

The average output power P, can be obtained equation (14)
Py =1uR

(13)

egl

¥ [1 —cos(7-a, )T

frsz[HjQ{w,»lJ ]
wﬂ

(14)
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The same as, the average output power of series resonant
load 2 (£,, ) in Fig. 4 shows the output voltage waveformv,, .
It can be vary by adjusted the anglea, on negative voltage
waveform. The equation of v,, can be obtained by the Fourier
series theory in equation (15)

V=W, +i{a" cosna,t +b, sinnw,t} (15)
n=l
3
_[ v, (1)dat
0
Ve
= — 16
Py (16)

Where an = 0and

b, ijaz(r sinno tdot

= —j’r‘iil{[l ~cosnz]~[cosnx —cos(Z:r-a,)]} .(7)

@ =

Vhere V., —;C-il(—cosmr—cos(;r—afz)] (18)
in

V
Vo= ?’C (—cos}(:r -a,))

Cgy

(1 (r )

The load current i, through the series resonant of load 2 is

(19)

derived by

i =1,,sin(of—¢,) (20)
4
”;. :lm’ - ma,l
G 2 2.1 |qu2|

¢ Vo (1-cos(7-a,))

=
} 1
JTRﬂﬂ\/1+ jo? [cgﬂ Ma)_]

.The average output power P,, can be obtained equation (22)
'F:Jz = I:ﬂRczﬂ

Vo (1 —cos(?r—.czrg))2
=

g 1
wnafivse (o ]

IV. THE IMPLEMENTATION
The block diagram of the proposed control strategy is
illustrated in Fig. 6. The desired output power P, and P,of

inverter can be controlled by variation of the phase angle a,
through the switch Q, and a, through the switchQ,. The

proposed control algorithm is implemented on a DSPIC2010
controller to generate a high-frequency signal for gate drivers
of the switches Q, to Q.

(21)

(22)

a; a;

Fig.6. Block diagram of the proposed control.

In addition, all switches is operated at a high switching
frequency that is above the resonant frequency to eliminate
the turn-on switching loss of IGBTs and to achieve a ZVS
condition in the whole power range.

V. EXPERIMENTAL RESULTS

To verify the validity of a full-bridge series resonant
inverter system with the proposed control strategy, a
hardware experiment is performed by using parameters in
Table I.

TABLE I EXPERIMENT CIRCUIT PARAMETERS

Item Symbol Value Unit
Resonant resistance of load 1 and 2 R’ql ! R 5 Q
Resonant inductance of load 1 and 2 L - L 64.34 uH
Resonant capacitors of load 1 and 2 CiiCs 330 nF
DC input voltage Vo 100 \
Switching frequency * ¥ 41 kHz
Power switches QI -0, IRG4PC50S

Fig. 7 show the output voltage and current waveforms from
the experimental results. Fig. 7 (a) is the output voltage

waveform for each load by adjusting &, =a, =30". Fig. 7
(b) is the output voltage waveform for each loads by
adjustinger, =a, =60°. Fig. 7 (c) is the output voltage
waveform for each load by adjusting &, =a, =90°. Fig. 7
(d) is the output voltage waveform for each load by adjusting
a, =a, =120". Fig. 7 (e) is the output voltage waveform for
each load by adjustinge, =, =150°. The average output

powers for each loads can be measured by multiplying the
average output current and voltage through the oscilloscope.
Fig. 8 (a) shows that the average output power of improved
AVC control was higher than original control; consequently,
the system efficiency can be improved as shown in Fig. 8 (b).
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Fig. 8. The comparison of output power and the efficiency.

VI. CONCLUSION

In this paper, a dual output full-bridge series resonant
inverter used an improved asymmetrical voltage-calculation
control for induction cooking appliance. The experimental
results are shown with different output power under operating
of ZVS conditions. A performance of improved topology is
better than the normal control strategy.
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Welcome to IECON 201 1, ICELIE 2011 and
IES Industry Forum

On behalf of the IEEE Industrial Electronics Society (IES) we would like to extend a
warm welcome to all delegates to join us to celebrate the 60th Anniversary of the
Society through their participation in the three exciting events, namely,
IECON 2011, ICELIE 2011, 2011 IES Industry Forum, jointly held from 7-10
November 2011 at the Crown Conference Centre in Melbourne, Australia.

JELIE is the event where the discussion of modern education and electronic
arning methods for teaching in the field of industrial electronics will be held. IES
Industry Forum is an initiative that provides an opportunity to focus on industry
directigns and the use of emerging technologies in industry products.
The nine teclmicah.sessions have been organised to share technological advances,
educational methods and industry interests related to-

&CON is the flagship annual conference of the Industrial Electronics Society.

Mechatronics and Robotics

Factory Automation and Industrial Informatics
.Control Systems and Applications

Power Generation and Distribution

Power Electronics and Energy Conversion

Electrical Machines and Drives

Sensors, Actuators and Systems Integration
Information Processing and Communications

‘ Computational Intelligence and Industrial Applications

dere are also 47 special sessions organised to focus on future technology trends
and 11 tutorials covering a broad spectrum of IES technical interests. Approximately
1,137 manuscripts were submitted to either IECON or ICELIE, of which 739 papers
were accepted in the two final programs. On average, each paper received 2.86 peer
reviews with approximately 1220 reviewers participating in the process. The overall
review process was monitored and finalised by the Chairs and the respective
program committees.



The IECON 2011 Technical Program is enhanced by four plenary sessions presented
by the following high profile keynote speakers:

a) Finite Alphabet Control: Applications and Reflections (Tuesday)

Laureate Professor Graham Goodwin (FRS, FIEEE, Hon.FIEAust, FTSE, FAA),
University of Newcastle, Australia and Director of Australian Research Council
Centre of Excellence for Complex Dynamic Systems and Control.

b) Field Weakening Methods for Permanent Magnet Machines - Present
Status and Future Possibilities (Wednesday)
Professor Thomas Lipo (FIEEE), Emeritus Professor at University of Wisconsin, USA.

c) Hybrid Intelligence Optimal Control for Operation of Complex Industrial
Processes (Wednesday)
‘ofessor Tian-You Chai (FIEEE, -‘FIFAC, FIEAS), Director of the National
1gineering and Technology Research Center, Northeastern University, China.

d) Futl}re Challenges in Energy, Technology and Innovation (Thursday)
Dr Ziggy Switkowski (FTSE, FAICD), Chancellor, RMIT University, Australia.

The IES Industry Forum will be held over two days - Tuesday afternoon and
Wednesday afternoon and features approximately 17 industry speakers divided
across four sessions: Power Systems and Batteries, Panels on Challenges for Cloud
Managed Control Service Architectures, Electric Vehicles and Related
Infrastructure.
A Technical Tour to the Australian Synchrotron has been organised for Tuesday with
three visits scheduled for a limited number of 25 delegates per visit. Bookings for
these tours need to be secured on Monday only - details are available at the
2gistration desk.
&CON 2011 delegates are invited to network at a variety of social events, including
e welcome reception (Monday evening), Gala Dinner (Wednesday evening),
morning and afternoon teas and buffet lunches. In addition to the on-site programs,
We encourage you to enjoy a variety of outstanding local attractions in and around
Melbourne, Victoria.

A local touring organisation, AAT Kings has been secured to provide you with
touring options at reduced prices to the Great Ocean Road, Penguins at Phillip
Island, Puffing Billy Railway experience, Yarra Valley winery tour and of course the
exciting Melbourne City tour. Please visit the AAT Kings booth for bookings and
further information - available from Monday to Thursday.

Finally, we would like to thank all conference committee members and our reviewers
who have graciously volunteered their time and efforts to make your conference
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experience in Melbourne a memorable one. We sincerely appreciate our sponsors,
including Intel, SEW Eurodrive, Advanced Manufacturing CRC, Opal RT
Technologies, and the Melbourne Convention and Visitors Bureau for their financial
support for [ECON 2011. A very special thanks and appreciation to our technical
sponsors, RMIT University, Curtin University of Technology, Monash University and
Southeast University.

We hope you enjoy the IES conference experience in Melbourne and the wonderful
Spring Carnival atmosphere that is currently on offer in Melbourne, Australia.

Yours sincerely, Organizing Committees - IECON 2011,
ICELIE 2011, and 2011 IES Industry Forum



IECON 2011 Organizing Committees

Honorary Chairs

Margaret Gardner AO, Australia
Leopoldo Franquelo, Spain

General Chairs

Xinghuo Yu, Australia
Tharam Dillon, Australia

Technical Program Chairs

S gousef Ibrahim, Australia
Jdzabeth Chang, Australia

Program Committee

Mechatronics and Robotics

Chris Cook, Australia

Kouhei Ohnishi, Japan

Ju-Jang Le€, Korea

Factory Automation and Industrial Informatics
Peter Palensky, Austria

Armando Colombo, Germany
cex Talevski, Australia

Control Systems and Applications
John Hung, USA

Bijnan Bandyopadhyay, India
Zhihong Man, Australia

Power Generation and Distribution
Seddik Bacha, France

Gerard Ledwich, Australia
Junyong Liu, China



Power Electronics and Energy Conversion

Marco Liserre, Italy
Grahame Holmes, Australia
Udaya Madawala, New Zealand

Electrical Machines and Drives
Chandan Chakraborty, India

Babak Fahimi, USA
Gerard Champenois, France

Sensors, Actuators and Systems Integration
Croshi Hashimoto, Japan

“ oberto Oboe, Italy
.onhua Tzeng, Taiwan

Information Processing and Communications

Thilo Sauter, Austria

Juan José Rodriguez-Andina, Spain

Valeriy Vyatkin, New Zealand

Computational Intelligence and Industrial Applications
Jian-Xin Xu, Singapore

Qing-Long Han, Australia
Milos Manic, USA

‘l’.lblicity Chairs
Yoichi Hori, Japan
Changyin Sun, China

Mariusz Malinowski, Poland
Jinhu Lu, Australia

Publication Chairs

Daswin De Silva, Australia
Zhenwei Cao, Australia



Special Session Chairs
Maria I. Valla, Argentina

Luis Gomes, Portugal
Kim F. Man, Hong Kong

Tutorial Chair
Seta Bogosyan, USA

Carlo Cecati, Italy
Liuping Wang, Australia

Finance Chairs

‘étra van Nieuwenhoven, Australia
rrry Martin, USA

Web and.!nf?rlnation Chairs

Antonio Luque, Spain
Andrés A. Nogueiras, Spain

Industry Liaison Chairs

“Michael Condry, USA
Victor Huang, USA
Alan Harvey, Australia

cldustry Forum Chairs

ichael Condry, USA
Petra van Nieuwenhoven, Australia

Postgraduate Forum Chairs

Xiangjun Li, Australia
Paul Kubik, Australia
Pedro Rodriguez, Spain
Zhao Yang, Australia
Amit Goel, Australia



Local Organizing Committee

Petra van Nieuwenhoven, Australia
Lorraine Valladares, Australia
Sarah Barter, Australia

Daswin De Silva, Australia
Fengling Han, Australia

Sally Jones, Australia

Web & Graphic Design

Zennie McLoughlin
Darren Smith

Opecial Session Organizers

5S01 - Control of Smart Wind and PV Power Plants

Pedro ]?f{odrig.ﬁez, R@mus Teodorescu and Marco Liserre

SS02 - Indusi:rial Electronics Applied to Induction Heating
J. Acero, F. Dughiero and O.. Lucia

, §503 - Network-based Control Systems

Josep M. Fuertes and Mo-Yuen Chow

SS04 Smart Sensor Systems for Industrial Applications
gérard C.M. Meijer and Stoyan N. Nihtianov

SS05 - Mechatronics, Modelling, Signals and Sensors in Intelligent and
Autonomous Machines (MMSS-IAMs)

Diego Andina and Wilmar Hernandez

SS06 - Advanced Information and Communication Technologies in
SmartGrid

Mo-Yuen Chow and Valeriy Vyatkin

SS07 Evolvable Production Systems

10



M.Onori and J.Barata
SS08 - Energy Efficiency Advancements in Electrical Machines and Drives
Aldo Boglietti and Andrea Cavagnino
SS09 - Industrial Applications of FPGAs and Embedded Systems
Luis Gomes and Juan J. Rodriguez-Andina
SS10 - Towards a more Efficient Lighting
J. Marcos Alonso, Francisco Azcondo, Marco Dalla Costa and Regan Zane
SS11 - Industrial Wireless Sensor and Actuator Networks
ikael Gidlund and Johan Akerberg -
SS12 -._Powe_r Electronic Converters for Fuel Cell-Hybrid Electric Vehicles
Sheldon Willia,ﬁsdgf David Bouquain and Benjamin Blunier
SS13 - Computer-Assisted Decision Making in Human- Intensive Operations
Andrew Chiou and Roland Dodd
"SS14 - Renewahle Energy Integration and Microgrids
Josep M. Guerrero and Ramon Blasco-Gimenez
&15 - Energy and Information Technology
ster Palensky and Hiroaki Nishi
SS16 - Intelligent Robotics and Mechatronics
Maki K. Habib

SS17 - Advanced Techniques for Protection in High Voltage Transmission
Lines

Djaffar Ould Abdeslam and Hamid Sediki

SS18 - High Precision Motion Control for Mechatronic Systems

11



Zissis
SS29 - Advanced Motion Control Techniques for Automotive Applications
Yoichi Hori and Chandan Chakraborty

SS30 - Industrial Electronics as Interface between Wind/Solar Energy and
Energy Storage

Adel Nasiri, Vijay Bhavaraju and Sheldon Williamson

SS31 - Variable Structure Control Systems and Its Applications
Zhihong Man and Suiyang Khoo

: ‘532 - FPGA for Industrial Control Systems

Eric Monmasson, Ray Cheung and Marc Perron

SS33 -'Comjﬂex Ri[g_tworks and Multi-Agent Systems

Jinhu Lu and Cuanmhg Chen

SS34 - Microelectromechénical Systems (MEMS)
'Antbﬁi(;a Luque and Lijie Li

SS35 - Batteries and Supecapacitors

Hubert Razik and Nihal Kularatna

‘536 - Advanced Topologies & Controllers for Harmonics & Reactive Power
ompensation

Chandan Chakraborty and Mariusz Malinowski

SS37 - Special Machines & Drives for Industrial & Domestic Applications
Franck Betin, Gerard-Andre Capolino, Carlo Cecati and Chandan Chakraborty
SS38 - Multi-Phase Machines And Drives Applications

Franck Betin and Gérard-André Capolino

13



SS39 - Physical Extension and Human Support
Seiichiro Katsura and Kiyoshi Ohishi
SS40 - Intelligent Control for Mechatronic Systems
Jian-Xin Xu
SS41 - Visual Navigation and Command Control of Humanoid Robots
Chih-Lyang Hwang

SS42 - Artificial Neural Networks Applications In Power Quality
Compensation

@htrice Wira and Djaffar Abdeslam

SS43 - Standard Harmonization As A Result Of The Convergence And
Integration Of Technologies
Antonio Valentini dnd Victor Huang

SS44 - Multilevel Converters

Jose I. Leon, Samir Kouro and Jose Rodriguez

"+ 8845 - New Automation and Control Paradigms for the Supervision of Very
Large Process Industrial Systems

Armando Walter Colombo, Jerker Delsing and Stamatis Karnouskos
gSflﬁ - Visual Sensing and Its Application

Satoru Takahashi, Masaaki Shibata and Kiyoshi Ohishi

SS47 - Electric Vehicles

Jorge Martins, Adriano Carvalaho and John Bingham

14



	Picture 001.jpg
	Picture 002.jpg
	Picture 003.jpg
	Picture 004.jpg
	Picture 005.jpg
	Picture 006.jpg
	Picture 007.jpg
	Picture 008.jpg
	Picture 009.jpg
	Picture 010.jpg
	Picture 011.jpg
	Picture 012.jpg
	Picture 013.jpg
	Picture 014.jpg
	Picture 015.jpg
	Picture 016.jpg
	Picture 017.jpg
	Picture 018.jpg
	Picture 019.jpg
	Picture 020.jpg
	Picture 021.jpg
	Picture 022.jpg

