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Context 

The system to be controlled 
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3-phase topology 

 Currents must be controlled 

 Capacitor voltage must be balanced  
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Context 

A control problem which arises 
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3-phase topology 

 Each Submodule (SM) contains a control variable in the form 
of a duty cycle to be determined 
 

 Several choices of duty cycles are possible to ensure the 
same reference tracking: a choice must be made in real time 

Challenge: Find the best duty cycles configuration in real-time 
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Context 

A family of control methods to address the problem: Control Allocation 
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Control Allocation Methods 
 

 Suitable for systems with a large number of 
control degrees of freedom 
 

 Use of optimization algorithms to choose the 
best value for the order 
 

 Real-time execution at each sampling period 
 

 Uses a state-space model 

Choice of Control Allocation methods 
for the MMC 

The system to be controlled 

A choice on the value to allocate to duty cycles 
must be made in real time 

Need for an control optimization algorithm 

The system has a large number of control 
variables 
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Control goals 

Ensure capacitor voltage balancing 

Ensure current reference tracking 

Modeling goals: 
1. Derive the relationship between duty cycles and voltages 
2. Derive the relationship between voltages and currents 
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Submodule physical model 
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Control-oriented model for 
capacitor voltage balancing  
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Control-oriented model for 
capacitor voltage balancing  

Arm physical model 
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Control allocation model 
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Control-oriented model for 
capacitor voltage balancing  

Discrete Model 

Matrix Form 

The relationship between duty 
cycles and voltages is derived 
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Control-oriented model for current 
reference tracking  

High-level physical model 

Possible current types flowing 
within the converter: 
• Common mode current  
• DC source current 
• Circulating currents 
• AC output currents 

m-phase topology 

• From a high-level point of view arms can 
be seen as controllable voltage sources 
 

• Four different current types can be 
found flowing within the converter  

Modeling goal: derive the 
relationship between 
voltages and currents 
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Control-oriented model for current 
reference tracking  

High-level physical model: GPFOCSSM 

Derivations from the 
Kirchhoff current and 

voltage laws 
State-Space Model 

State Control 

GPFOCSSM Model strong feature: 
 Scalable to any number of phases 
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Control-oriented model for current 
reference tracking  

High-level physical model: GPFOCSSM 

Discrete Model 

The relationship between 
voltages and currents is derived 
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Control goals 

Ensure capacitor voltage balancing 

Ensure current reference tracking 
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Control-Oriented Model 
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Control Allocation main method families 

Model Inversion Based Error Minimization Online Error Minimization Offline 
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Control Allocation main method families 

Model Inversion Based Error Minimization Online Error Minimization Offline 

Best trade-off between complexity, optimum and computation 
time are the Error Minimization Online (EMOn) methods 
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Control performances test procedure 
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Hardware-In-the-Loop (HIL) Testing Procedure 
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Meaning Value 

Number of submodules per arm 

Number of phases 

DC Bus Voltage 

Capacitor 

Capacitor nominal voltage 

Arm impedance 

DC Bus impedance 

AC load impedance 

Switching frequency 

CPU Type 

HIL time step 

Control sampling time 

Current pole placement 
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Capacitor voltage balancing  

Using Linear Programming Interior-Point 

• Control allocation ensures the arm 
voltage reference tracking 
 

• It also guarantees a good capacitor 
balancing performance 
 

• Ripple is normal since capacitor 
voltage depends on a current having 
AC components 

 The low-level control with online optimization ensures 
capacitor voltage balancing with good performances 
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Using Linear Programming Interior-Point Using Quadratic Programming Interior-Point 
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Current reference tracking 

 The high-level control with online optimization ensures 
current reference tracking with good performances 

Four Current Types Control Performances Using Quadratic Programming Active-Set 
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Current reference tracking 

 The high-level control with online optimization is 
scalable as well as its performances 

Highlights not only the scalability of the 
control algorithm but also the scalability 
of  the control performance: error 
remains constant as the number of 
phases increases 

Four Current Types Control Performances Using Various CA Methods 
Computation time of the high-level 
control increases quadratically with the 
number of phases, meaning that using 
this control method will need greater 
computational resources as one 
addresses the control of great polyphase 
systems 
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 Control-oriented models that are scalable to any MMC are derived, enabling the 
design of generic control laws that are scalable to any MMC 
 

 Control allocation methods for the MMC are developed, a HIL testing procedure 
showed that they ensure good control quality for the two control objectives 
 

 Closed-loop test also highlights the fact that Quadratic Programming will use the 
control variables in a more balanced way than Linear Programming 
 

 Control allocation algorithms scalable to any MMC are designed and show that 
control performances are scalable to higher size MMC 
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• Improve the current control performances 
• Deeper analysis of the different control allocation 

algorithms that are already implemented  

Perspectives 

 Control-oriented models that are scalable to any MMC are derived, enabling the 
design of generic control laws that are scalable to any MMC 
 

 Control allocation methods for the MMC are developed, a HIL testing procedure 
showed that they ensure good control quality for the two control objectives 
 

 Closed-loop test also highlights the fact that Quadratic Programming will use the 
control variables in a more balanced way than Linear Programming 
 

 Control allocation algorithms scalable to any MMC are designed and show that 
control performances are scalable to higher size MMC 


