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- Power Electronics, Machines and Control Group

- Introduction to Predictive Control in Power Converters and Electrical Drives
- Examples of Predictive Control in Power Converters and Electrical Drives

- Technical Issues for the Implementation of Predictive Control

- Trends and Challenges of Predictive Control

- Conclusions

- Q&A/Discussion
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Power Electronics, Machines and Control Research Group
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* Transport electrification and energy conversion
Prof. Marco Rivera _ _
* One of the largest integrated PEMD group worldwide

* National/European leader

 >f45M active research grants with >60% of research income linked to industry i
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Power Electronics, Machines and Control Research Group

Research Themes

Electrical machines
Power electronic systems
Electric motor drives and systems

Power electronic integration and reliability

Underlying Scientific Research

Power device packaging and cooling
Microgrid control

Cooling methodologies and thermal
integration

New modelling methods
Electromagnetic modelling
Modulation theory

Physics of failure — power converters and
electrical machines

Advanced control strategies for power
converters and drives

More than 200 Researchers/Academics
~ 26 Academic staff [Faculty]

~ 70 Contract research fellows

~ 110 PhD students

~ 12 Visiting scholars/researchers

Current Research Grants ~ USS45M

https://www.nottingham.ac.uk/research/groups/pemc/home.aspx

Application Areas - Electrification

Future electricity networks
Renewable energy
Microgrids and grid
connected converters
Industrial applications
Automotive and marine
All/more electric aircraft

New PEMC Group Facilities
- opened March 2021

5500m? laboratories with
5MVA power supply
Voltage supplies to 11kV
Power systems — DC and AC
Electrical machine testing
up to 20MW
Environmental chambers

6


https://www.nottingham.ac.uk/research/groups/pemc/home.aspx

University of [ﬂs IE E E E

I IEEE POWER - LCee
NOttlng ham % ELECTRONICS SOCIETY Advancing Technology TALCA st ot P

1 : f rH m ni trGnica de Potencia
UK | CHINA | MALAYSIA Powering a Sustainable Future or Humanity —UN'\QE"TL‘;"DAD

Power Electronics, Machines and Control Research Group: Building Layout

Power Electronics Laboratory Power Electronic Converters and Motor Drives Wolfson High Power Laboratory

Power electronics, devices and converters. Laboratory For high power, high voltage and large power
Facility for construction, characterisation, analysis  General Machine and Converter testing: work on electronic converter and motor drive system
and lifetime testing. standard sized electrical machines, motor drives testing

= 115m2 environmental testing facility and power converters = 5MW total site mains supply

- Clean room facilities - 80 standard research benches with - 1.1/3.3kW @ 3000A HVAC

= X-ray and microcopy space integrated guarding = 400V @ 4000A LVAC

- Magnetic testing facility = 3-phase 400V @ 64A per bench plus single - 6kV HVDC

= 38m2 EMC shielded room phase sockets = Thermal test cell — 40m2

* 50kW liquid cooling loop = High speed testing — 18m2 sunken test rig

space

= = L

https://www.nottingham.ac.uk/research/groups/pemc/home.aspx
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7kNm machine for aircraft taxiing —
43 Nm/kg and 184 kNm/m3

PM assist — SynRel machine SRM for energy storage Integrated dual-airgap axial machine

for EV applications 24V, 5kW, 120 krpm PM machine turbo

https://www.nottingham.ac.uk/research/groups/pemc/home.aspx compunding
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Power Electronics Converters

20kW/litre SiC JFET 150kW Si/SiC matrix converter 3.3kW, 500kW modular AC-AC

matrix converter converter

Fault-tolerant multi-phase 4MVA e-

Aerospace SiC Mosfet DC-DC drive

30kW matrix integrated into machine endplate
converter
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Introduction
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Predictive Control
of Power Converters
and Electrical Drives

S WILEY

¢ IEEE

Predictive Control of Power Converters and Electrical Drives | Wiley Online Books

Model Predictive Control for Power Converters
and Drives: Advances and Trends

Sergio Vazquez, Senior Member, IEEE, Jose Rodriguez, Fellow, IEEE, Marco Rivera, Member, IEEE,
Leopoldo G. Franquelo, Fellow, IEEE, and Margarita Norambuena, Member, IEEE

Abstract—Model predictive control (MPC) is a very at-
tractive solution for controlling power electronic converters.
The aim of this paper is to present and discuss the latest
developments in MPC for power converters and drives, de-
scribing the current state of this control strategy and analyz-
ing the new trends and challenges it presents when applied
to power electronic systems. The paper revisits the operat-
ing principle of MPC and identifies three key elements in the
MPC strategies, namely the prediction model, the cost func-
tion, and the optimization algorithm. This paper summarizes
the most recent research concerning these elements, pro-
viding details about the different solutions proposed by the
academic and industrial communities.

apply in multivariable systems, and presents a fast dynamic re-
sponse. Further, it allows for nonlinearities and constraints to be
incorporated into the control law in a straightforward manner,
and it can incorporate nested control loops in only one
loop [4]. [5].

In particular, power electronic applications require control
responses in the order of tens to hundreds of microseconds
to work properly. However, it is well known that MPC has a
larger computational burden than other control strategies. For
this reason, most of the works focused on this issue at the ini-
tial research stages of MPC for power electronic systems [6].

Model Predictive Control for Power Converters and Drives: Advances and Trends | IEEE Journals & Magazine | IEEE Xplore

A Review on Weighting Factor Design of Finite
Control Set Model Predictive Control Strategies for
AC Electric Drives

Emrah Zerdali, Senior Member, IEEE, Marco Rivera, Senior Member, IEEE, and Patrick Wheeler, Fellow, IEEE

A Review on Weighting Factor Design of Finite Control Set Model Predictive Control Strategies for AC Electric Drives
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- Basic Principles of Model Predictive Control

A PREDICTIVE CONTROLLER FOR THE STATOR CURRENT VECTOR ?
OF AC MACHINES FED FROM A SWITCHED VOLTAGE SOURCE w r\ a)
o
t—p-
Joachim Heltz and Siegfried Stadtfeld ? iy
Laboratory for Electrical Machines and Drives, University of Wuppertal a O 11\i

Postfach 10 01 27, S600 Wuppertal 1, West-Germany

Ahstract

The paper describes a novel approach to the PWM problem based on an
on-line optimization of the switching sequence. In this concept, the standard
pulsewidth modulator is completely eliminated. Input quantities to a switching
controller are the stator current vector components as supplied by a field f
criented control system. These are used to control the current vector trajec- i
tory in the complex plane such that a minimum spatial error with respect to
the reference vector is maintainzd. In this way, the computation of the stator : t—i
voltage reference signals usually reguired in PWM systems is avoided. A
predictive algorithm is implemented in the switching controller to cbtain Fig. 13. Braking and operation at
minimum current harmonics at minimum switching frequency. The optimization is zero stator frequency
effective under all operating conditions including transients and zero stator a) speed
freguency operation. b) stator currents

Holtz J, Stadtfeld S (1983) A predictive controller for the stator current vector of AC machines fed from a switched voltage source. In: Proceedings of the 13
international power electronics conference, Japan. IEEE, pp 1665-1675
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- Basic Principles of Model Predictive Control
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- Basic Principles of Model Predictive Control

New Modulation Strategy for a Matrix Converter
with a Very Small Mains Filter

Stefan Miiller Ulrich Ammann Stephan Rees

University of Stuttgart, Institute of Power Electronics and Control Engineering
Pfaffenwaldring 47, 70550 Stuttgart, Germany
phone: +49 (0) 711 /6 85 - 73 87, fax: +49 (0) 711 / 685 - 73 78
e-mail: ammann@ilr.uni-stuttgart.de, www: http://www.uni-stuttgart.de/ilr

New modulation strategy for a matrix converter with a very small mains filter | IEEE Conference Publication | IEEE Xplore

Predictive control of three-phase inverter

J. Rodriguez, J. Pontt, C. Silva, M. Salgado, S. Rees,
U. Ammann, P. Lezana, R. Huerta and P. Cortés

A new method for current control based on a predictive strategy is
presented. This uses a discrete-time model of the load to predict the
future value of the current for each of the possible voltage vectors
generated by the inverter. The vector which minimises the current
error at the next sampling time is selected. Experimental results that
confirm the feasibility of the method are given.

Predictive control of three-phase inverter — Electronics Letters 2004
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- Basic Principles of Model Predictive Control

New Modulation Strategy for a Matrix Converter Predictive control of three-phase inverter

with a Very Small Mains Filter J. Rodriguez, J. Pontt, C. Silva, M. Salgado, S. Rees,
U. Ammann, P. Lezana, R. Huerta and P. Cortés
Stefan Miiller Ulrich Ammann Stephan Rees

A new method for current control based on a predictive strategy is

University Of Stuttgart, Iﬂstimte Of POWGI' Electronics and COHU'OI Engineering presented_ This uses a discrete-time model of the load to predjct the
Pfaffenwaldring 47, 70550 Stuttgart, Germany future value of the current for each of the possible voltage vectors
phone: +49 (0) 711 /6 85 - 73 87, fax: +49 (0) 711 /685 - 73 78 generated by the inverter. The vector which minimises the current
e-mail: ammann@jilr.uni-stuttgart.de, www: http://www.uni-stuttgart.de/ilr error at the next sampling time is selected. Experimental results that
: confirm the feasibility of the method are given.
New modulation strategy for a matrix converter with a very small mains filter | IEEE Conference Publication | IEEE Xplore Predictive control of three-phase inverter — Electronics Letters 2004

MPC uses a model of the system to predict the behavior of the controlled variables and then select
the actuation sequence that minimizes a certain cost function. The cost function represents the
desired behavior of the system.
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- Basic Principles of Model Predictive Control: Control Strategies

Predictive Control

\2 \Z 2 2

Deadbeat Control Hysteresis Based Trajectory Based Model Predictive Control

MPC
Need a modulator No modulator No modulator ( J
Fixed switching Variable switching Variable switching
frequency frequency frequency
Low computations Simple concepts No cascaded structure
Constraints not included

v v
MPC with MPC with

Continuous Control Set

Finite Control Set

Need a modulator

Fixed switching
frequency
Constraints can be

included

No modulator
Variable switching
frequency

Online optimization
Low complexity
(N=1)

Constraints can be
included

17
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- Basic Principles of Model Predictive Control: Control Strategies

The main characteristic of
predictive control is the use of

Predictive Control

v v v v the model of the system
Deadbeat Control Hysteresis Based Trajectory Based Model Predictive Control HPS
e e e ) for prediction of the future
eed a modulator o modulator o modulator .
Fixed switching Variable switching Variable switching behaVIOr Of the co ntrOI Ied
frequency frequency frequency VvVa ria b I es
Low computations Simple concepts No cascaded structure '
Constraints not included
v v
MPC with MPC with
Continuous Control Set Finite Control Set
Need a modulator No modulator
Fixed switching Variable switching
frequency frequency
Constraints can be Online optimization
included Low complexity
(N=1)
Constraints can be
included

18
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- Basic Principles of Model Predictive Control: Control Strategies

The main characteristic of
predictive control is the use of

Predictive Control

v v v v the model of the system
Deadbeat Control Hyst: is Based Trajectory Based Model Predictive Control H H
ysteresis Base rajectory Base ode r(emlpccl)ve ontro for predICtlon Of the futu re
Need a modulator No modulator No modulator b h . f th t ” d
Fixed switching Variable switching Variable switching €navior o € controlie
frequency frequency frequency varia b I es
Low computations Simple concepts No cascaded structure '
Constraints not included
v v This information
Ll i is used by the controller in
Continuous Control Set Finite Control Set
Need a modulator No modulator Ord er to Obta N th eo ptl ma I
Fixed switching Variable switching H H
frequency frequency actuation, accordlng toa
Constraints can be Online optimization predefined Optimization
included Low complexity . .
(N=1) criterion.
Constraints can be
included

19
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- Basic Principles of Model Predictive Control: Advantages

Concepts are very intuitive and easy to understand.
It can be applied to a great variety of systems.

The multivariable case can be easily considered.
Delay times can be compensated.

Easy inclusion of nonlinearities in the model.
Simple treatment of constraints.

The resulting controller is easy to implement.

This methodology is open to include modifications and extensions depending on specific applications.

20
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- Basic Principles of Model Predictive Control: Disadvantages

= Large amount of calculations.
= The quality of the model has a direct influence on the quality of the resulting controller.
= |nthe classical MPC strategy is observed a variable switching frequency.

= When there are several objectives weighting factors are needed.

21
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Predictive Control for Power Converters

and Electrical Drives

22
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- Controller Design: General MPC Scheme for Power Converters

Converter
x*(k) Load
Minimization S
x(k+1) of the —>
— . Cost Function
Predictive Model 7

n | |
X(k) '

Measurement ”X(k)

23
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- Controller Design: How Does it Work?

= The converter is modelled as a system with finite states

24
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- Controller Design: How Does it Work?

= The converter is modelled as a system with finite states

= A model of the load is used to predict the behaviour for each possible switching state

i(k+1) = (1 - RTS) i(k) + Ls (v(k) — é(k))

25
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Controller Design: How Does it Work?

The converter is modelled as a system with finite states

A model of the load is used to predict the behaviour for each possible switching state

A cost function is defined and represents the desired behaviour of the system

i(k+1) = (1 - RTS) i(k) + Ls (v(k) — é(k))

26
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- Controller Design: How Does it Work?

= The converter is modelled as a system with finite states
= A model of the load is used to predict the behaviour for each possible switching state
= A cost function is defined and represents the desired behaviour of the system

= The switching state that minimizes the cost function is selected to be applied in the next
sampling instant

i(k+1)= ( RTS) i(k) + Ls (v(k) — &(k))

QZ‘ZZ_ZZ|‘|"Z;§_ZI§| Imin = Min { g }

27
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- Controller Design: How Does it Work?

= The converter is modelled as a system with finite states
= A model of the load is used to predict the behaviour for each possible switching state
= A cost function is defined and represents the desired behaviour of the system

= The switching state that minimizes the cost function is selected to be applied in the next
sampling instant

i(k+1)= ( RTS) i(k) + Ls (v(k) — &(k))

QZ‘ZZ_ZZ|‘|"Z;§_ZI§| Imin = Min { g }

... and that is all!l!

28
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Predictive Control for Power Converters and Electrical Drives

Examples

29



3 University of fm @ I E E E L
Nottingham ﬂ IEEE POWER xdng — TALCA CeeP

ELECTRONICS SOCIETY .
UK | CHINA | MALAYSIA Powering a Sustainable Future for Humanity —UN'\’CE['TL‘;"DAD

Predictive Control for Power Converters and Electrical Drives

Model Predictive Control for

Three Phase Inverter

30
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" | ' ' Valid Switching States of the VSI
S1 S3 Ss
74} 15} jg} STl ST? ST?) Sr4 Sr5 Sr6

#
. i L R 11 1 0 0 0 1
i 2/1 1 1 0 0 0
- b n 310 1 1 1 0 0
vaN VbN 410 0o 1 1 1 0
o |l s 5/0 0 o0 1 1 1
K{}L K:'EL {ﬁ 61 0 o0 0 1 1
7/1 0 1 0 1 0
| N 8/lo 1 0 1 0 1

" 6 commutation devices

= 8 valid switching states

31
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- Two Level Voltage Source Inverter: Converter Model

" | ' ' Valid Switching States of the VSI
S1 S3 Ss
74} 15} 74} # Srl Sr2 Sr3 Sr4 Sr5 Sr6
) . L R 11 1 0 0 0 1
Vdc b 2 1 1 1 0 0 0
— n 3 0 1 1 1 0 0
yaN c 40 0o 1 1 1 0
VbN ¢
S4 S6 S2 5 0 0 0 1 1 1
J J J veN 6 | 1 0 0 0 1 1
7 1 0 1 0 1 0
' — sl o 1 0o 1 o0 1
S1
Lde = [ Sl 83 85 } 1 VvV = 53 Ude

32
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- Two Level Voltage Source Inverter: Load Model

A ! ' ' Valid Switching States of the VSI
S S3 Ss
74} 15} K%} # Srl Sr? Sr3 Sr4 Sr5 SrG
. . L R 1T 1T 0 0 0 1
Vde 2 1 1 1 0 0 0
- o n 31 0 1 1 1 0 0
VNN i 400 0 1 1 1 0
S4 Sé S> 51 0 0 0 1 1 1
Ki} J{% KﬁVCN 6/ 1 0 0 0 1 1
71 1 0 1 0 1 0
. . N 8 0 1 0 1 0 1

di
— L— + Ri
\Y% 7 + K1
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A ' ' ' Valid Switching States of the VSI
S S3 Ss
74} K{} 7&} #[ 51 52 S Su S S
. . L R I[1T 1T 0 0 0 1
Vae 211 1 1 0 0 0
L b n 300 1 1 1 0 0
vaN C 4 0 0 1 1 1 0
VvbN
S4 Se Sz 5 0 0 0 1 1 1
Y KA KN 6|1 0 0 0 1 1
) 711 0 1 0 1 0
- — 8/ 0 1 0o 1 0 1
= Considering Euler approximation
ik—i—l — (1 — RTS ok + Evk
L L
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" | ' ' Valid Switching States of the VSI
S S3 Ss
74} K{} 7&} #[ 51 52 S Su S S
. . L R I[1T 1T 0 0 0 1
Ve 211 1 1 0 0 0
- b n 300 1 1 1 0 0
vaN C 41 0 0 1 1 1 0
VbN
S4 Sé S> 51 0 0 0 1 1 1
Y KA KN 6|1 0 0 0 1 1
) 711 0 1 0 1 0
: - N 81 0 1 0 1 0 1
= Considering Euler approximation
_ s, i
ik—l—l — (1= RTS ek + Evk vV = S3 | Vge
L L | S5

35



University of
IEEE POWER

VEEE T coe

Nottingham -
g - ELECTRONICS SOCIETY Ad""”c";&qr Lejg';‘:f’t}-‘fy Iﬁ/h&ﬁ)
UK | CHINA | MALAYSIA Powermg a Sustainable Future ~ CHLE

A ! ' ' Valid Switching States of the VSI
S S3 Ss
74} 15} K%} # Srl Sr? Sr3 Sr4 Sr5 Sr6
. . L R 1T 1T 0 0 0 1
Vdc 2 1 1 1 0 0 0
L b n 3o 1 1 1 0 0
vaN VbN 4 0 0 1 1 1 0
Sy S6 5) 0 0 0 1 1 1
K{}L K:EL {ﬁ 6l 1 0 0 0 1 1
7 1 0 1 0 1 0
- N 8 0 1 0 1 0 1
2

gk +1) = (i* —i*)

= The current error must be zero
= From the valid switching states, the one that minimizes the cost function is selected to
be applied in the next sampling time
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- PCC of a Two Level Voltage Source Inverter: Control Scheme

S1...56
i* Cost >
> Function J

Minimization

. \T\s
I(k+1) 3

1k \
Predictive < \3 ¢
Control
( R
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Predictive Control for Power Converters and Electrical Drives

Model Predictive Control for a

Single-Phase Matrix Converter
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o #1015 S S3 S5 S5 S¢| vPoov” 1A B Ic
4‘1/}'5&—_0”" P=[S5 S S]w
110 0 1 0 0 1|lve v| O 0 0
_ —fztl?:-"— 2l0 1 0 0 1 0]vg wg| O 0 0
n
Vao ! vVi=1[ 5 S S |wi 301 0 0 1 0 0|va wval 0O 0 0
Vo /B 410 0 1 0 1 O0lve val|l O —io o
ic 510 0 1 1 0 O |ve val| —Ip 0 Io
o _ S1— 9 | 6|0 1 0 0 0 1|vg ve| O iy —ip
L —%ﬂ}l— =] S2—35 | (1) 710 1 0 1 0 0lvg val—io o O
,}?C//\ G S3— S6 8|1 0 0 0 0 1 vy vel i, 0 —i
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- MPC of a Single-Phase Matrix Converter: Control Scheme

Predictive model:

jo(k + 1) = (Te/L)v(k) + (1 = RT+/L)in(K). e ve va
O 0O 0O
G » |
Cost function optimization: g—h
g(k+1) = (if(k+1) —io(k +1))% ic /B |
io
f i Minimization
Signals Sws i [ r r r r
io(k) : Prediction |io(k + 1) Cost — > %4 fS fﬁ fg fQ LSl
P Model S Function
g )ﬁ’—" io(k +1) gt
n L Load Lo
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- MPC of a Single-Phase Matrix Converter: Results

Simulation
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- NPC Inverter: Topology and Switching States

[e;

idc
S1g| S1b| Sic|
A VdCJ:: SX s1x SZX s71x s72x Vxn
S2g| Szlgj Sng 1 1 1 0 0 Vic1 + Ve
A A A i 0 0 1 1 Vae 2
L0 -1 0 1 0
Vdc VAN VBN !bo
0 VCN [ __lcg
A A_
Slt.)J Sng
Vdc2T==
Sap) Sac|
o vie /i oppVY PPP Poo3 “, Vi3
. . . . . NPP |‘ 3NOO 1NNN 000 ONN " PNN
= Widely used in industry for high power medium / Vo N\

voltage power conversion and drives
= 12 commutation devices
= 27 valid switching states

SECTOR V
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- NPC Inverter: Converter Model

CI
Idc
S1g| S1b| Sic|
A VdCJ:: Sx Slx SZX S71x s72x Vyn
S2g| Sab| Sac| 1 1 1 Va1 + Va2
A A A i 0 0 1 1 0 Ve 2
2o -1 o 1 0
Vdc VAN VBN !bo
0 VCN [ __lcg
A_ A_
S1b| Sic|
Vdc2T==
§2b §2c
.J 'J q \
o Vie ,'I oppYY PPP Poo3 \‘, Vi3
NPP\ | _NOO NNN/\0OO ONN | /PNN
\\ 3 Vo 1 I'
_ _ \ 2 /
UpyN — vdnglg; + Udc282:va r = a, b7 C NOP oop POP PNO

d Udcl idcl
dt C
d Udc2 ich
dt (5 46

SECTOR V
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- NPC Inverter: Load Model
C-
ldc
S1g| S1b| Sl(.:J
A Vch:: Sx Slx SZx s71x S72x Vxn
529J SZE’J SZEJ 1 1 1 0 0 Va1 + Ve o
A A A i 0 0 1 1 0 Ve 2
L © -1 0 0 1 1 0
Vdc VAN VBN !bo
o) VCN Ico SECTOR I
Kg Kg Vis Vs OPN Via
1'2J 1§J NPN -7 ;r;f\\ PPN
Vdc2T==
Sap) Sac|

SECTOR V
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- PCC of an NPC Inverter: Discrete Model

C'
ldc
S1g| S1b| Sic|
A VdCJ: Sx Slx SZx s71x S72x Vxn
S2a| Sab| Sac| 1| 1 1 | 0 0 | Var¥ Ve
A A A . 0 0 1 1 0 Ve 2
0 1

lag -1] o0 1 0
Vdc VAN VBN !bo
0 VCN  |_lcg SECTOR Il
A_ A_
S1b| Sic|
Vdc2T==
Sap) Sac|
ik—f—l — 1 — RTS ik 4+ ka
L L

SECTOR V
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- PCC of an NPC Inverter: Cost Function
C-
ldc
S1g| S1b| Sl(.:J
A Vch:: Sx Slx SZx s71x S72x Vxn
529J SZE’J SZEJ 1 1 1 0 0 Va1 + Ve o
A A A i 0 0 1 1 0 Ve 2
L0 -1 0 0 1 1 0
Vdc VAN VBN !bo
o) VCN Ico SECTOR I
Kg Kg Vis Vs OPN Via
1'2J 1§J NPN -7 ;r;f\\ PPN
Vdc2T==
Sap) Sac|

_ k+1 k+1
= Otrack + Jbal

SECTOR V
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- PCC of an NPC Inverter: Cost Function

[e;

idc
S1g| S1b| Sic|
Vdc1T::
S2g| Sab| Sac|
A A A iag
Vdc VAN VBN IbO
o) VCN J—Q
A A
Slt.)J Sng
Vdc2T==
Sap) Sac|
k+1 k41 kE+1
g o = Otrack +gbal T
k+1 . 2 . . k+112 .
Girack = [ —io" ) 4 [if — "] + i

_Zc

Sx Six Sax S 1x S 2x Vxn

1 1 1 Vgc1 + Ve 2
0 0 1 Ve 2
-1 0 0 1 0

SECTOR Il

. k—H}Q

SECTOR V
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- PCC of an NPC Inverter: Cost Function
cidc
S1g| S1b| Sic|
R VdC:J:: Sx Slx SzX §1x s72x Vxn
SZQJ Sz|.3J SzEJ 1 1 1 0 0 Vac1 + Ve
A A A i 0 0 1 1 0 Ve 2
4o -1 0 0 1 1 0
Vdc VAN VBN Ibo
0 Ven | ey
A_ A_
S1b| Sng
Vdc2T= - - SECTOR I
Szlgj SzEJ
L k-+1 k—+1
Jtrack + Gbal
k+1 k—+1 k+112
Gbal = Ade * [Vge1” T — Vgea" ]

SECTOR V
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k+ 1 27 k+ 1k ,k+ 1
I $ TvdclTvdcz

Vdc1 Vdc2
I I
| ||
Cl CZ
Cost S 1a "'S_ZC
Function ::> NPC
Minimization

Vol I predictive ik
Vdc2 Model < /3
L oad
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The NPC inverter presents a high
number of switching states,
compared to the two levels
inverter.

The behavior of the system s
predicted for each possible
switching state of the NPC
inverter.

The switching state that
minimizes a given cost function
is selected to be applied during
the next sampling interval.

cee
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Predictive Control for Power Converters and Electrical Drives

MPC applied to Electrical Drives
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- MPC Strategies for Electrical Drives

Model predictive

= Various FCS-MPC strategies have been proposed for high-
current control (MPCC)

performance control of electric machines.

Model predictive
torque control (MPTC)

EModel predictive direct
flux control (MPDFC)

B Model predictive
power control (MPPC)

A
Q
0 =
GJ | -
~ 0O
E_
(g0)
h O
o
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N Ll
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O O
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Model predictive direct

speed control (MPDSC)
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- MPC Strategies for Electrical Drives

Model predictive
current control (MPCC)

= Various FCS-MPC strategies have been proposed for high-
performance control of electric machines.

Model predictive
torque control (MPTC)

= Of these, model predictive current control (MPCC) and model
predictive torque control (MPTC) are quite popular.

EModel predictive direct
flux control (MPDFC)

A
Q
0 =
GJ | -
+~ 0O
E_
(g0)
A 9
o
22
N Ll
(Vp] [
O O
[

B Model predictive
power control (MPPC)

Model predictive direct

speed control (MPDSC)
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- MPC Strategies for Electrical Drives

Model predictive

= Various FCS-MPC strategies have been proposed for high-
current control (MPCC)

performance control of electric machines.

Model predictive
torque control (MPTC)

= Of these, model predictive current control (MPCC) and model
predictive torque control (MPTC) are quite popular.
Model predictive direct

flux control (MPDFC)

= Model predictive direct flux control (MPDFC) and model predictive
power control (MPPC) are strong candidates to MPTC as they
eliminates the weighting factor in MPTC.
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v
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e
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Model predictive
power control (MPPC)
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Model predictive direct
speed control (MPDSC)
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- MPC Strategies for Electrical Drives

Various FCS-MPC strategies have been proposed for high-

performance control of electric machines.

Of these, model predictive current control (MPCC) and model
predictive torque control (MPTC) are quite popular.

Model predictive direct flux control (MPDFC) and model predictive
power control (MPPC) are strong candidates to MPTC as they
eliminates the weighting factor in MPTC.

Model predictive direct speed control (MPDSC) eliminates the
cascaded control structure of previous FCS-MPC strategies to
improve the control performance. However, it requires load
information, which is costly to measure.
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Model predictive
current control (MPCC)

Model predictive
torque control (MPTC)

EModel predictive direct
flux control (MPDFC)

B Model predictive
power control (MPPC)

Model predictive direct

speed control (MPDSC)
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PMSM model: Speed MPCC/MPTC ——

controller

x;, = f(x;,u A\ W' —p T ,
! ( b t) T W Win —P> | > l: —> Cost function S > bs.abe @‘
Z; = h(xt) —|— V¢ w;—b optimization _| ‘

where .
/ [
td Vg td Prediction ‘_is’dq abe

. . 0 0
— — — models d r | U
Xt = | ig | , U = [U} h(xe) = |1 |, g QI*
q

m Ym T W d
i 1 R . - dt
7 Ud — SZ + PpwWml _ -
f(x, ) = | L _Lﬁsj _ j zpp_ p_pz) " Block diagram of MPCC and MPTC strategies for
tyYt) — L. "a 5 pI;S q -p‘p gt d LSTE m ¥ pm PMSM control (xl = iq; X, = ig for MPCC;
- §J_trtibpm?fq o J_twm o J_t _ xl — Te’ xZ — ”l/)s” for MPTC)

After applying forward Euler discretization, the
discrete PMSM model can be obtained as follows:

X1 = Xg + Ts - £(x¢, 1)
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- Application of MPCC Strategy for PMSM Control

MPCC strategy
= Stator current predictions:
. R T\ . . T
zl31,k:+1 = (1 T )%d,k + PpLswm kigk + L_Uq,k
. RT\ . T
Zif;:,k:+1 - (1 L )%q,k — PpLswWm kld k — _zpp W, kW¥pm +

= Cost function:

.* _ .p .* _ .p
lq zd,k+1| + |7’q Uy k+1

g:

Speed MPCC/MPTC
controller .
*
w,, —p -+ T
w:; —}J_> l: > Cost function
— w; —» optimization
N
Ts \ Prediction
—Uq,k models

W d
i dt

Ly T

Block diagram of MPCC and MPTC strategies for
PMSM control (x; = iy, x, = ig for MPCC;
X1 = Te, X, = ||yl for MPTC).
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= %8 I i e 1 confroller MPCC/MPTC
= of a—— 7
c 18 I l Win — —| > Cost function

- ) : I — i — optimization

= T

<

IT" Prediction

= models
1 oy
; dt

7 [Nm]

Block diagram of MPCC and MPTC strategies for
PMSM control (x; = iy, x, = ig for MPCC;

2 2000f .
& 0_/;5,33 N \ ”m/“L X; = T Xy = |[1s]| for MPTC).
§-2000— 3 32 - .

t [s]

Results: control performance under four-quadrant operation
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- Application of MPTC Strategy for PMSM Control

MPTC strategy

= Stator current predictions:

. R T\ . . T

zl;,k:+1 — (1 T )H,k + PpLswWm kiqr + L—’Uq,k

. RTs \ . T

Zi[gr),k:+1 - (1 - L. )%k — PpLswWm kld k — %Wm,k@bpm +

® Flux prediction:
Vyre1 = Laig g1+ Ypm

p 7 P
wq,k+1 = Lq@q,k+1

= Torque prediction:

P ’Z:p )
q,k+1"d,k+1

p p
1.5pp ( dk+10qk+1

p
Te k+1

Ve
speed MPCC/MPTC o
. controller . VS| PMSM
w, —p+ Ty )
w:; _>J_> l: — ¥ Cost function sabe w
— x;_, optimization B ‘
P D
= |4
TS Prediction
—Vq.k models
Ly ™ >

Block diagram of MPCC and MPTC strategies fo
PMSM control (x; = iy, x, = ig for MPCC;
X1 = Te, X, = ||yl for MPTC).

W d
dt

= Cost function:

g = "r; - T2k+1‘ + )‘d)“d’y - "‘pg,k-ﬂ“
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- Application of MPTC Strategy for PMSM Control - Results

Speed

g %8_ 10 la 2 Le J controller MPCC/MPTC
- wy, —»+ )
3 0r | wm_p—l > l: —>IE : unciion
“es —10—| ; . : ‘ = optimization
ZI
Prediction
models
E 10 T T T T T T wm d
” dt
é o Te = Tl | . o .
= ol . . . . Block diagram of MPCC and MPTC strategies for
— . l . l . PMSM control (x; = i,, x, = iy for MPCC;
g 2000 R e 1 qr X2 d
< -2000, | 332 . - . .
0 2 4 6 8 10
¢ [s]

Results: control performance under four-quadrant operation
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- Application of MPDSC Strategy for PMSM Control

MPDSC

%k

“m Cost functi

tq ——1 " miation

—>

len T i

e Prediction

T 9 > models
Load torque T

observer bt E

Block diagram of MPDSC strategy.
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- Application of MPDSC Strategy for PMSM Control

MPDSC strategy MPDSC
= Stator current predictions: W ——
td ’ oopjﬁr:i;gﬁg:
D RSTS . . TS —>
tgper = | 1 — tdk + PpLsWm kigk + Vg .k
, Ly Ls wan Trg’ Tz
ir =(1- Bsds lgk — PplsWm kld k — %w kWVom + Efu k € Prediction
q,k+1 L, q; p era, L. m,k ¥pm L, s L "_" models
* Flux prediction: b T

p _ P
Varr1 = Ldlg i1 T Ypm

. Block diagram of MPDSC strategy:
wP = [P
q,k+1 q9%q,k+1

= Torque prediction: = Cost function:
p — p D __ o,P P 2 2
Te+1 = L5y ( d,k+1%,k+1 q,k-l-lzd,k—i-l) 9= Io(w), —wl k+1) + Ar (T£k+1 - Tfk+1)
. e x p 2
Speed prediction: + i (i — iy )

wP = E7'1’ l—Tth w k—ETG 65
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Results: control performance under four-quadrant operation

Block diagram of MPDSC strategy.
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- Sensorless MPDSC Strategy for PMSM Control

= Measuring load torque is a costly solution; therefore, W, i Vde
it is a well-accepted approach to estimate it using an i l 5
estimator/observer. | 2L-Vs|
Co_st' FL.JnC"rIOH abc _|
" Speed is often measured by an encoder mounted to Minimization l U G
the shaft but depending on the application, it may bor, TTé’ Air vOlmge

Calculation
Uas

not be possible to mount a speed sensor. Also, it is
not a cost-effective way.

Prediction Model

iabc

" |n such cases, combining sensorless control and MPC T A
strategies is a viable option. Avaa igqge o 1
. dg /14—
= For this purpose, an observer, e.g., an EKF can be iy onenced )
designed to estimate position, speed, and load o |4= ‘i’
torque, as shown in the figure. Because EKF makes it 7 PNSM

possible to estimate all these states using a single

observer. Block diagram of the sensorless PDSC of PMSM.

67



University of fﬂs I E E E u Lcee

NOttIngham % IEEL::EEC'I:IEI‘;‘:\IEIES SOCIETY Advancing Technology TALCA it
UK | CHINA | MALAYSIA Powering a Sustainable Future for Humanity 7”vaciﬁlDAD

15 T T T T T T T T
— 10

= 19— —1i /\ 1= 0 [~
20 & -10F ¥ iq §

_5 1 1 | _20I 1 1 1
= 10 6, o 1% 10 0, o I
< NN < YWY ANNNNNNNNNN
QS OT L L L 7 CIS‘ 0 l 4 .

8 T T T T —_ lOl T T T
ZS 2: T, T T =N - ZE ol ]
— %' i T Te Tf T
t~ _21 | | | _101 1 1 1
w2107 | : E 200F ' ' ]

=
2 200 = T o e * |
T 190+ ws'l Win w;:l 7 o 200k Win Wm == Win
3 1806 0.65 0f1 0.115 0.2 3 0 0.05 0.1 0.15 0.2
t[s] ¢ [s]
Performance of sensorless MPDSC-based PMSM Performance of sensorless MPDSC-based PMSM
drive under load changes at 200 rad/s. drive under speed reversals with a load of 5 Nm.
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Experimental results: (a) conventional MPTC; (b) DM-based MPTC using
Euclidean norm; (c) Proposed DM-based MPTC
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Predictive Control for Power Converters and Electrical Drives

Technical Issues for the Implementation

of Predictive Control
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- Examples of Cost Function for Power Electronics Applications
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Several ways to represent the same control objective.

g =" —a?|

g=(z"—a)’

k41
g= fk (2 (1) — ¥ (1)) dt

Reference Tracking

Predictive Control of Power Converters and Electrical Drives | Wiley Online Books

Application

Cost function

CSC-AFE

VSC-AFE

Motor drive
VSC-UPS

Statcom

Matrix converter

HVDC

g

g = !qulﬁL —ipl
= () + 2 (i =i} )

9= |7’k _Zk’
= ]zk — i |+ A

L=

. . 2
- ()

g=lir —@LHMQ Q"

R CR)

g = 91A+ g2 + g3

g1 = lijk _ijkl

g2 = Aok D, Wgz‘jk —
g3 = Ak |tz k]

Vide

7
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- Selection of Cost Functions: Switching Frequency Minimization

n=|S.(k) = Sa(k —1)| + [Sp(k) — Sp(k — 1)|+
[Se(k) = Se(k —1)]

Table III: Total harmonic distortion for each Ay, and the average of
switches commutations.

An | THD of i, | N° commutations (average)
1.8 24.20 % 5

1.2 17.38 % 6

0.4 6.69 % 18
0.09 2.08 % 57

Predictive Control of Power Converters and Electrical Drives | Wiley Online Books
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Figure 3: Current i, and voltage v, for different values of A\,,. A;, = 1.2 (a) y (b), A, = 0.4 (c) y (d).
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g= (% =% 4+ (05 — )% + frm (@)

' o0 sl —lmaxr > lg (0 lg) > tmaz
frim(iap”) =
0 in other case
(1¢

Predictive Control of Power Converters and Electrical Drives | Wiley Online Books
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Figure 4: (a) Current ¢, with limitation, (b) zoom of the current ¢, with limitation, (c) current i, without limitation and (d) zoom of the current

i, Without limitation.
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- Delay Compensation

- Experimental implementation of MPC requires a large number of
calculations, which generates an important time delay in the

actuation.

- The delay can deteriorate the performance of the system.

University of
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- To avoid this issue, a delay compensation technique is required.

g =|igtk+1) —il(k+ D] +|iztk + 1) —ig(k + 1)

D= (125 Yi00 + By
a L L

Predictive Control of Power Converters and Electrical Drives | Wiley Online Books
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' Startup '

Measure i(k)

ceeP

Laboratorio de Conversion de Energias
v Electrénica de Potenci

x=0
y
xX=x+1 <
. RT, T
iPk+1) = (1 —TS) i(k) +f"x(k)

Wait for next
sampling instant

g=lii — Pl + |ig —if|

Store optimal
values

~<— Predicti (k+1)

<— Evaluate
cost function

no

Apply optimal
vector v(k)
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- Delay Compensation
Measure i(k)

i S i : : l
Application of the new optimal voltage vector is moving to the pP—
beginning. V‘*“IV"‘)

- The estimation of the currents at time ;| is added. i = (102w + 2w

- The estimated currents are used for the predictions for all the -
available switching states. =

.k . . 3k .p i
g =itk +2) — Btk +2)| + |i5(k +2) — 5k +2)] o= ( Y v

: RT\ ¢ T,
w@+2ﬁ:1—-L 1%+¢%+ZWk+D

Predictive Control of Power Converters and Electrical Drives | Wiley Online Books

!

o= ii- &l + i~

,

Store optimal
values

Wait for next
sampling instant

<>

yes

ceeP

Laboratorio de Conversion de Energias
v Electrénica de Potencia

<— Load current
estimation

<— Predict i(k+2)

-<— Evaluate
cost function
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- Delay Compensation

Without delay compensation
15 I I 1 I I 1

10

JA]
[N |

i, i

-10
-15
0

0.005 0.01 0.015 0.02 0.025 0.03 0.035

Time [s]
With delay compensation

-15

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 -
Predictive Control of Power Converters and Electrical Drives | Wiley Online Books Time [S]
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- Selection of Weighting Factors

g =Mz ||z — 2P|+ A\, Hy* —yPHqL...qL)\z | Z* — 2P|

Weighting factors are required when several control objectives are considered.

To reduce the error, these values must be carefully adjusted.

There are no theoretical, analytical, or numerical methods to adapt these factors.

They are determined by empirical procedures.

77
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- Weighting Factor Design Methods
= Weighting factor design methods can be divided into two Classical approaches
main groups: weighting factor selection methods and Selection o
weighting factor elimination methods. methods HmetieRtigebIaie MEthods
Al-based methods
= 1t group of studies consists of classic approaches, o
Weighting factor

FCS-MPCs with
homogeneous control variables

numerical/algebraic methods, meta-heuristic optimization

e . 1. ) design methods
methods, and artificial intelligence (Al)-based methods.

Direct vector
selection methods

= 2nd group of studies includes MPCs with homogeneous Elimination Cascaded FCS-MPC
] ] . methods strategies
control variables, direct vector selection methods,
sequential/parallel MPC strategies, and decision-making Sequential/parallel

FCS-MPC strategies

(DM)-based approaches.

Decision-making-based
appraoches
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- Comparison of Weighting Factor Design Methods

= Weighting factor design methods can be divided into two Classical approaches
main groups: weighting factor selection methods and Selection
. . . . N ical/algebraic method
weighting factor elimination methods. methods HmerieRiaiaebiaie Metods
Al-based methods
Wenghtlng factor FCS-MPCs with
OVERVIEW OF WF DESIGN METHODS design methods homogeneous control variables
Control performance  Flexibility = Design complexity = Computational complexity Dir?Ct vector
- selection methods
Classic approaches XX 4 XX 4
Numerical/algebraic methods X X X v Elimination Cascaded FCS-MPC
Meta-heuristic optimization methods X 4 XX v methods strategies
Al-based methods vV X XX X .
i o ) Sequential/parallel
MPCs with unifying cost functions v XX v v FCS-MPC strategies
Direct vector selection methods v XX v v
Sequential/parallel MPC strategies v v X X Decision-making-based
Decision-making-based methods vV v v X appraoches

A Review on Weighting Factor Design of Finite Control Set Model Predictive Control Strategies for AC Electric Drives |
IEEE Journals & Magazine | |IEEE Xplore
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- Selection of Weighting Factors: Examples

20
Switching Frequency Reduction = 10
I
p P D 0
. .k L ‘P .3k . =
g — |lo[ lal _I_ |lﬁ lﬂl _I_ )"swnsw o
o -10
o]
-l
0.5 ! , : ! 1000 —20
= 400
S
2 = 200
C =
o @
3 g of
% S
= ; ; ; ; o —200
c 0 0 ©
0 0.02 0.04 0.06 0.08 0.1 S
Weighting factor A, —400 0
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- Selection of Weighting Factors: Examples

20 I 1 [
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Common-Mode Voltage Reduction = 10r/ o\ LN N VAN
o | | I
b s oor v v
_ .k . .p ok L . p "
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Predictive Control for Power Converters and Electrical Drives

Trends and Challenges of Predictive Control
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- PCC of a Two-Level Voltage Source Inverter: Control Scheme

i* Cost Sl...SG VbNS p
—> Function > J ﬁ{% ?E;ﬂ J&:ﬁ
. . . . VcN
Minimization

I(k+1) 8 N
3 Valid Swiching state of the VSI

ik \ # Srl STQ Sr3 Sr4 Sr5 STG
Predictive < \3 T ; 1 1 (1) 8 8 (1)
Vdc
Control <& - : : . . X 0 0
Load 41 0 0 1 1 1 0
- L 5) 0 0 0 1 1 1
6 1 0 0 0 1 1
7 1 0 1 0 1 0
8 0 1 0 1 0 1
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- Modulated MPC for the Three-Phase VSI: Control Scheme

Valid Swiching state of the VSI

Vdc
# Srl S?“Q Sr3 Sr4 Sr5 ST6
| | 1] 1 1 0 o0 0 1
do 2 1 1 1 0 0 0
—> 3 0 1 1 1 0 0
d1 S1...Se 4 0 0 1 1 1 0
i* Cost dz S 500 0o o0 1 1 1
—>l| Function || Switching > J sl1 0 0 o0 1
Minimization ot 7| 1 0 1 0 1 0
V2 8 0 1 0 1 0 1
I(k+1) 8 > g
3 Av2
ik \ v3 | vl
predictive | € E— « 'y
Control < Vdc o
R L1 a
Load
A A
v4 IV V  ve
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- Modulated MPC for the Three-Phase Voltage Source Inverter

g(k+1) =dyg1 + dago

dy = T59192/(9091 + g192 + 9092)
dy = ngogz/(9091 + g192 + gogz)

B
A" dy = Tagogi/(gog1 + 9192 + gog2)
V3 ” I Vl
Y Y d 0 = K / 90 (v . . . Chy AV |fdtv — Chy 20[V]/ditw
di = K j g1 “,-I__‘ - |
do = K
Il a 2 92 o
do+di +dy = T ; }
a0jv] | i -
va KK A - h r—'\ i
\V Vv Chg — 0]V] | -
a0v] - I -
V5Y WV lg o .08 008 o8 B T id TiE TN 02 [5]
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- The main idea of Model Predictive Control

- Both input and output stages are controlled simultaneously using a
predictive model of the instantaneous reactive power and a predictive
model of the load.

is(k)

QF(k+1)

or

isP(k+1)

Q" (k) or 15(k) - A weighting factor is necessary in order to provide more priority to the
P st Function instantaneous reactive input power of the load currents.
Minimization
=>

iz(k+1) -The cost function is evaluated for each of the twenty-seven available
switching states of the DMC.

-The optimal switching state which will be applied to the converter in
o (k) the next sampling instant, is selected by minimizing the cost function.

Load

H ww
=~
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- Predictive Control Strategies for the DMC: Introduction

- Model Predictive Control: General Concept
- Despite the vast progress of MPC, there are still some issues that need to be solved:

- The control for the DMC and other power converters implies high computational costs

- Every sampling instant all the available switching states of the converter are evaluated in the cost
function.

- The DMC has 27 available switching states.
- Some available solutions: implementation in FPGAs or faster digital signal processors.

- The correct selection of weighting factors:
- Especially when there are several control objectives.
- The correct selection has a significant effect on the system performance.
- Despite there are some solutions, most of them are tedious, complex and expensive.
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- Sequential MPC for a Direct Matrix Converter

Article

Sequential Model Predictive
Control of Three-Phase Direct
Matrix Converter

Jianwei Zhang, Margarita Norambuena, Li Li, David Dorrell and Jose Rodriguez
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Control in Power Electronics
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I 1A/div

Sms/div

-
I I

Load currents and references - classic MPC

¢ THD=4.55% |

I 1A/div Sms/div .

<

Load currents and references - proposed SMPC

1A/div

Vsu

20V/div

Sms/div i

Input current and voltage - classic MPC

v
/ SA 4
i W 20V/div

Sms/div J

-—

Input current and voltage - proposed SMPC
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- Sequential MPC for a Direct Matrix Converter

THD=4.01%

T 1A/div ) ] | i Sms/div i
3 v Sms/div .
Load currents and references - proposed MPC Input current and voltage - proposed SMPC

The execution time of the proposed SMPC (67 us) is reduced appreciably compared with the traditional MPC (81 us).
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- Alternating Sequential MPC for a Direct Matrix Converter

Conferences > 2023 IEEE International Confe... @

Alternating Sequential Model Predictive Control of Matrix Converter

Publisher: IEEE | Cite This

Jianwei Zhang ; Marco Rivera; Patrick Wheeler All Authors

The cost functions are evaluated in an alternating

order. For example, g1 is evaluated before g2 in the

first sampling cycle and g2 is evaluated before gl in
the next sampling cycle, and so on.

The proposed ASMPC does not need a weighting
factor and there is no need to specify the priority
for control objectives.

In addition, the computational burden is reduced
because only two switch states are evaluated in the
second cost function in each control interval.

Matrix converter

Source

Input
filter

e (6] ]

!uln' | C

v

Vsanc [A]—r [nput current
prediction (10)

v
L
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el

L )

Reference source
current generation (12)

o |

PL
‘”’l = imc [k +1]

Output current
prediction (5)

]
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| t

£

Leanc
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- Alternating Sequential MPC for a Direct Matrix Converter
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el Y The decision-making algorithm with the flowchart fAl | : -
7 on the left has the following steps: i(p.0) = /(s = 0+ 912 ~0)
p3
Step 2: Apply: v . . . . . 5
o = 1. Separation of multi-objective cost function: ® s e
Step 3: Estimate: %76 ¥i.x g1 — T —Te k—|—2‘ °
$ P2
: P opty __p opt p4 .
Step 4: Predict: ¥ 41 (v35) TC k1 (v3F) go = ‘th’:u _ ”’t/)g,k—l—Q“’ Yaf- ®'4’
- 2. Generation of dataset: W s
: 0
. (0,0) y;z e >/
s Predict: ws,j(vj)ﬂ'e.ku(vj) g1 (UO) 92(?)0) i On (,UO) ’
' g1(v1)  g2(v1) ... gn(v1)
Evaluate and store: 91(v;), 92(v;) Tij = . . ) .
: : : : Decision-making methods
<> 91(vm)  g2(Vm) .. gn(vm) separately evaluate each control
objective in the cost function and
Normalize dataset: y; ; (16) ' /
3 Whgre i € {1,2,...,njandj € {.0’ 1.’ M) then use a selection algorithm to
S T — indicate the number of control objectives and choose an obtimal voltage vector
: culate: d; (17) or (19 . .
- voltage vectors, respectively. P &
Optimize: v, (18) For more information about this technique. Please click here. 101
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Measurement: sk, Vs ks Wi,k

v

Apply: v

v

Estimate: ¥.k» %5 x

v

t
) Tf.k+1 (v %)

Predict: %% 1 (v2%)

<>

Predict: %5 k2 (Vi) TC jia(vs)

v

Evaluate and store: 91(v;), 92(v;)

<>

Normalize dataset: y; ; (16)

v

Calculate: d; (17) or (19)

v

Optimize: v%,, (18)

or

y £; — L4
i S
J LI:::T'm :L.Enax

Calculate the distances in the n —dimensional
space using the normalized dataset

d;(05,0) = /(03,0 + W32)% + ... + (j.n)?

dj(p;,0) =yj1 + Y2+ ...+ Yjn

Select the jth voltage vector with minimum

norm value:

Vopt = argmind;
J

For more information about this technique. Please click here.

f1
A da(ps,0) = \/(’9’4,1 —0)2+ys2—0)?
P3
o Ps
Pe (]
°®
o B
Ya.1 R |
M
% P
Nyk ¢ Po
0,0 : ©
00 Ya,2 > f2
Euclidean norm
Absolute-value norm
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Conclusions

MPC presents a different approach for the control of power converters.

MPC takes advantages of the discrete nature of the power converters.

By using the same scheme, it is possible to control different variables such as: current,
voltage, power, torque, flux, and others.

Constrains and non-linearities can be easily included in the model.

VYov by

The control is simple and can be easily applied to any converter topology.
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Conclusions

- Challenges such as the performance improvement, reduction of computational cost and the
avoidance of weighting factors have been considered new trends in model predictive
control and several proposals have been recently presented.

—P> Modulated model predictive control allows for improving the performance of the system
with a significant reduction of the ripple in the controller variables.

Sequential model predictive control does not require the use of weighting factors in the cost
P function. It allows for effective control of several variables at the same time.
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