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EE&IT1. Introduction

 - Minimize a cost index at each time step
 - Handle physical constraints in a systematic way
 - Draw much attention in many application areas

 - Require proper modelling of target systems
 - Require efficient method to solve the minimization 
problem

  

 - AC/DC converter, DC/AC inverter, DC/DC converter
 - Used in  ‘Renewable energy systems’, ‘Electrical drives’, 
    ‘Smart grid systems’, and etc.
 - Require fast sampling ( > 5KHz)
  

Model Predictive Control (MPC)

Power Converters
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 스마트 TV  친화적 HW 
& SW  기술

 Key points  in MPC derivation

Cost Index Design

•   Voltage Regulation, Current Regulation
•   Switching Loss etc
•   Cost Horizon
         State Tracking Cost Index, Single Horizon

On-line optimization

•   CCS-MPC
•   FCS-MPC
        No numeric algorithm is 
used



EE&IT2. The Features of Power 
Converters

,f ai

aS bS cS

aS bS cS

dcv

L

L

L

av





bv

cv

,f bi

,f ci








C

,c av ,c bv ,c cv

,o ai

,o bi

,o ci

Load

R

R

R

DC/AC 
Converter

2-Level Inverter
(Actuator) Output LC Filter & Load

(Plant)

,f ai

aS bS cS

aS bS cS

dcv

L

L

L

av





bv

cv

,f bi

,f ci








C

,c av ,c bv ,c cv

,o ai

,o bi

,o ci

Load

R

R

R

DC/AC Converter – UPS 
Application

2-Level Inverter
(Actuator) Output LC Filter & Load

(Plant)

Input Voltage
(control)



EE&IT

Finite Control Set Actuation

: The control input is chosen to be one
  of the available Voltage Vector

: FCS-MPC

Continuous Control Set Actuation

: Synthesize a new vector by adjusting 
  application duration of two adjacent
  Voltage Vectors 

: Space Vector PWM (SV-PWM)

: CCS-MPC  

Actuator 
Setting



EE&IT2. The Features of Power 
Converters

DC/AC 
Converter
DC/AC Converter – Motor 

Drive

Grid Connected PV Inverter
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DC/AC 
Converter

AC/DC Inverter – Power Control, UPS

2-Level Inverter
(Actuator)

Input Voltage
(control)

Filter & Grid
(Plant)

Load

Bilinear Plant 
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EE&IT3. Power Control using AC/DC 
Converter

Offset-Free Model Predictive Control for the Power Control of Three-
Phase
AC/DC Converters(IEEE TRANSACTIONS ON INDUSTRIAL ELECTRONICS, 
VOL. 62, NO. 11, 2015, YI Lee et. al) 

Active & Reactive Power :
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Stability is guaranteed if P is chosen 
properly
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25KW AC/DC Converter with  
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EE&IT4. Torque Control of an Induction 
Motor

Model :

Torque :

Finite Control Set Model Predictive Control Method for Torque Control of 
Induction Motors using a State Tracking Cost Index, submitted to IEEE 
PE



EE&ITReference State computation



EE&ITDefinition of a cost function

Choice of Weighting :



EE&ITSolution of the FCS-MPC

Step 1:

Step 2:

- Evaluate the cost index for the 
   voltage vectors 
- Choose the optimal voltage vector
      

- Compute the optimal modulation 
    factor minimizing the cost index 
    further  



EE&ITExperiments
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EE&IT5. Discussion 

How to cooperate ?

•   BESS management
•   Grid Connection of PV 
•   EV 
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