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 

ABSTRACT 

 

Modular multilevel converter (MMC) becomes furthermost 

promising topologies especially for medium or high voltage 

(HV) applications. A typical application of MMC is to control 

the active power as well as reactive power. This paper presents 

the design of decoupled current controller for a grid connected 

MMC. The proposed controller gives an efficient and decoupled 

control of active power and reactive power then substantially 

improves MMC dynamic response. However, the performance of 

MMC depends on the controller’s parameters. The tuning of 

controller’s parameters depends on the desired output for 

disturbance applied to the input. The effectiveness of MMC is 

evaluated by transient simulation with decoupled current 

controller parameters. The transient simulation is done by 

MATLAB/Simulink using three-phase detailed model. 

 

Key words: Decoupled current controller, half-bridge 

sub-module (HBSM), high voltage direct current (HVDC) 

transmission system, modular multilevel converter (MMC). 

 

1. INTRODUCTION 

 

The conventional HVDC transmission system uses thyristors for 

the satisfactory operation, which depends upon ac network 

voltage. The typical limitation of classical HVDC transmission is 

a failure of commutation and weak ac systems are difficult to run. 

The two-level voltage source converter (VSC)-HVDC systems 

have many advantages compared to traditional HVDCs, such as 

converter bus dynamic voltage support, active power and 

reactive power can regulate independently, power reversal can 

possible without altering the polarity of a dc voltage, the 

possibility to supply a frail ac system, and no need for rapid 

communication between required two station converters [1]. 

However, in VSC topology, losses are unequally shared by both 

inner and outer loops. The demerits of two-level VSC is 

conquered by multilevel converter topologies. 

Multilevel converters (MLCs) comprise power- semiconductor 

devices array and dc source voltages, the output where stepped 

waveform voltages produce. The multilevel voltage source 

converter allows incorporating output voltages of minimal 

 
 

harmonic distortion, unlike a two-level VSC. In multilevel 

converters by increasing the levels number, the voltage output 

waveform has been produced in the form of a staircase having 

more steps with minimized harmonic distortion. Nonetheless, the 

number of devices are increasing with a large number of levels 

which need to controlled and the complexity of control [2]. So 

that, modular multilevel converter was proposed in [3] to 

overwhelm the demerits of multilevel converters. 

An MMC is a finest power electronic converter extended to be 

most suitable for medium voltage (MV) and HV (or power) 

applications such as HVDC transmission system, flexible ac 

transmission systems (FACTS), medium voltage variable motor 

drives [4], and energy storage systems [4], [5]. MMC has 

distinctive features compared with multilevel voltage source 

converter topologies such as modularity construction, high 

reliability, less switching losses, and better output waveforms. 

In [6], A traditional two-level VSC control the positive-sequence 

and negative sequence current components only. In 3-level 

neutral point clamped (3L-NPC) converter partially control the 

zero-sequence current components with suitable selection of 

redundant switching state vectors. However, in the VSC-based 

HVDC system, a zero-sequence current components typically 

ignored from a converter with the suitable transformer 

connection, Y-Δ and Δ on the converter side but under an 

unbalanced faults on a converter transformer are unavoidable. In 

[7], modular multilevel converters controlled by pulse-width 

modulation (PWM) method and space-vector modulation (SVM) 

method resulting in high-frequency switching losses. Therefore 

both methods are not suitable to the HV (or power) applications. 

To minimize switching losses, an active-harmonic-elimination 

(AHE) scheme is used, which is the most remarkable 

advancement to selective-harmonic-elimination (SHE) scheme. 

Nonetheless, in HVDC system applications, for a large number 

of sub-modules numerical algorithm complexity increases. The 

aforementioned demerits overwhelm by nearest level control 

(NLC) scheme, which is most suitable for high-level converters. 

In [8], model predictive control (MPC) method is proposed for 

the back-to-back HVDC transmission system. This enables 

regulation of the active power and reactive power, voltages of 

capacitor balancing achievement and minimize the circulating 

currents. 

In this paper, four half-bridge sub-modules in each (upper &  

lower) arm per phase leg of MMC is considered and presents the 

designing of a decoupled current controller, which gives an 

effective control structure for the active power and reactive  
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Figure 1: Single line diagram of MMC connected to grid. 

power/current and improves the MMC dynamic performance. 

The performance of MMC based on the controller parameters, 

which depend on the desired output for the disturbance applied to 

an input. The effectiveness of an MMC is assessed by the 

transient time-domain simulation, and the result shows a better 

transient response. 

The paper organized as: the section II explores modeling of grid 

connected MMC. Section III describes the design of decoupled 

current controller for MMC. Section IV explores Modeling of 

system in MATLAB/Simulink and result analysis. Section V 

conclude the paper. 

2. MODELING OF GRID CONNECTED MMC 

Single line diagram of MMC connected to grid is illustrated in 

Figure 1. RC and LC are connecting resistance and inductance 

respectively. Rt and Lt are leakage resistance and leakage 

inductive reactance of interfacing transformer of the modular 

multilevel converter. RS and LS are source resistance and source 

inductance. 

Figure 2 depicts the schematic representation of 3-Φ detailed 

model of MMC, which comprises three legs and each leg 

consisting of upper arm & lower arm. Each arm consisting n 

identical cascaded half bridge SMs and an arm inductor. The SM 

comprises two power electronic devices (i.e., IGBTs) and one 

shunt capacitor is shown in Figure 3. The two IGBTs are 

operated in complementary with corresponding gate signals. The 

output voltage of HBSM, VSMout = Vcap for the upper device is 

ON and VSMout = 0 for the lower device is ON. 

From Figure 2, MMC arm currents and output voltages are given 

by  

 

 

 

 

   (x= a, b, c)             (1)      
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Where and 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Schematic diagram of MMC [9] 

 

 

 

 

Figure 3: Half-bridge SM structure [9] 

R & L are arm resistor and arm inductor. ixl and ixu are the lower 

arm and upper arm currents of phase x (x=a, b, c). ix is ac side 

current of phase x. ex  is the MMC output voltage. ux is the 

voltage of ac-side. idiffx is the phase x unbalanced current, which 

can expressed as 

                      (3) 

 

where Idc is a dc-line current and icirx is a circulating current of 

phase x.                         

From Figure 2, relationship between arm voltages and dc 

voltages can be given as    

 (4) 

 

where Vdc is voltage of the dc-line. uxl and uxu are the lower arm 

voltage and upper arm voltage respectively of phase x. 

             

                                      

             

R
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eq c 2

L
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Figure 4: The structure of decoupled current controller 

for grid connected MMC [10] 

3. DESIGN OF DECOUPLED CURRENT CONTROLLER 

The pictorial representation of decoupled current controller for 

MMC is shown in Figure 4. The main objective of controller 

such that, independent regulation of active and reactive power. 

From Figure 4, it is noticed that, the real (or active) current 

reference value (IPref) of MMC is obtained from power controller 

and the MMC reactive reference current (IRref) is kept to be 

constant or set by the ac voltage controller to maintain specific 

magnitude of ac bus voltage value [11]. The actual active and 

reactive currents of MMC obtained from D-Q component 

currents of MMC. The proposed controller gives an efficient and  

decoupled regulation of active power and reactive power then 

significantly improves the MMC dynamic response. However, 

the MMC response depends on the controller’s parameters, 

which are tuned based on desired output for disturbance applied 

to the input. 

The MMC output voltage presented in the D-Q frame of 

reference [12] as follows: 
 

                           

                                  (5)       

                                                 

                         (6)                 

                                                                  

                                                                                         

                        (7) 

 

where ED, EQ are D-Q output voltage components of MMC. EP 

and ER are real and reactive voltages of MMC respectively. 

From Figure 4, the real and reactive currents [13] are given by 

 

                           (8)      

                                                        

                        
                              (9)      
                                                                                               

where θ is phase angle of reference bus voltage. ID, IQ are D-Q 

output current components of MMC.   

4. MODELLING OF SYSTEM IN MATLAB/SIMULINK 

AND RESULT ANALYSIS 

The simulation of MMC model is developed in 

MATLAB/Simulink to validate the performance of the 

decoupled current controller. In simulation model, a phase- 

shifted carrier modulation based PWM method (PSC-PWM) 

employed to generate gate signals. Figure 5 illustrates the 

simulation model and the decoupled current control method for 

grid connected MMC. In real-time applications, the MMC 

voltage of ac-side (usually referred to as the PCC voltage) is to be 

stipulated (or constant). So that, the transferred active power and 

reactive power from ac grid to MMC and vice versa can be 

influenced by ac-side current. Therefore the ac-side MMC 

current control is equal to control of transferred power [9]. A 

control scheme of active current and reactive current is presented 

in Figure 4. In Figure 5, θ and ωt are phase angle and ramp of the 

reference bus voltage. In this paper, it is assumed to 1+j0. The 

3-Φ voltage and currents are transforming to D-Q frame by using 

Park transformation to further. 

The fundamental frequency Park transformation is given by 

 

    

 

 (10)  

      

 

 

A Phase-locked loop (PLL) is a technique and used to obtain the 

information about voltage. So far, many PLLs has been 

proposed. Among that, the synchronous rotating frame PLL 

(SRF-PLL) is mostly used, which is quite simple and is suitable 

for use in single and three-phase systems.  Under ideal conditions 

of grid (excluding harmonics) and unbalance of system, 

SRF-PLL attain a quick and accurate grid voltage frequency and 

phase angle [14].  

The grid D-Q component voltages (VsD & VsQ) and converter 

D-Q component currents (ID & IQ) are obtained with help of eq. 

(10). From Figure 5, the actual active power (PS) and reactive 

power (QS) calculated from grid D-Q component voltages and 

converter currents are noticed. The proposed decoupled current 

control method tune the controller parameters based on desired 

output for a disturbance applied to an input.  

The simulations of a 3-Φ detailed model of MMC is carried out 

by time-domain transient analysis under two different step 

disturbances. The transient analysis is carried out for the step 

disturbance in the reference value employed at 0.50 sec and 

restored at 1.0 sec. The following subsections present the 

transient simulation for step disturbance in the active power 

reference and reactive current reference. 

4.1 Step disturbance in active power reference (PSref) 

Step response of the active current (IP) for a three-phase detailed 

model of MMC after applying the proposed scheme with reversal 

of active power reference (PSref) is depicted in Figure 6. From 

Figure 6, it is noticed that the step disturbance in PSref value is 

employed at 0.50 sec and restored at 1.0 sec, and result shows the 

active current (IP) has followed the disturbance applied to the 

input. Figure 7 shows the step response of active power (P) for a 

three-phase detailed MMC model after applying the decoupled  

I = I sinθ + I cosθ
P D Q

I = -I cosθ + I sinθ
R D Q

P

2π 2π
cos(ωt)   cos(ωt - )   cos(ωt + )

2 3 3
=

1
3 2π 2π

sin(ωt)    sin(ωt - )    sin(ωt + )
3 3
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 
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Figure 5: Simulation model of grid connected MMC with decoupled current control method [9] 

current control scheme with reversal of PSref. From Figure 7, it 

is clear that the step disturbance in PSref value is employed at 

0.50 sec and restored at 1.0 sec, and result shows the active 

power (P) has followed the disturbance applied to the input. 

Figure 8 depicts the step response of reactive current (IR) for a 

three-phase detailed model of MMC after applying the current 

decoupled controller with a reversal of active power reference 

(PSref). From Figure 8, it is clear that reactive current (IR) 

hasn’t affected the disturbance applied to the input (or remain 

unchanged). Figure 9 illustrates the step response of reactive 

power (Q) for a three-phase detailed model of MMC after 

applying the proposed scheme with reversal of PSref. From 

Figure 9, it is clear that reactive power (Q) hasn’t affected the 

disturbance applied to the input (or remain unchanged).   

4.2 Step disturbance in reactive current reference (IRref) 

Step response of the active current (IP) of a 3-Φ detailed MMC 

model with the current decoupling controller for a step 

disturbance in reactive current reference (IRref) is illustrated in 

Figure 10. From Figure10, it is noticed that the result hasn’t 

affected from step disturbance in IRref value. 

 Figure 11 shows the step response of active power (P) for a 

three-phase detailed model of MMC after applying the current 

decoupling Controller for a step disturbance in IRref. From  

 

 

 

Figure 11, it is noticed that the result hasn’t affected from step 

disturbance in IRref value.  

The step response of the reactive current (IR) of a 3-Φ detailed 

MMC model with the current decoupling controller for a step 

disturbance in IRref is illustrated in Figure12. From Figure 12, 

it is noticed that the step disturbance in IRref value is employed 

from 0.50 sec to 1.0 sec. The result shows the reactive current 

(IR) has followed the disturbance applied to the input. 

Figure 13 explores the step response of reactive power (Q) for 

a three-phase detailed model of MMC after applying the 

 

 
Figure 6: Response of active current (IP) for step disturbance in PSref. 
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Figure 7: Response of active power (P) for step disturbance in PSref. 

Figure 8: Response of reactive current (IR) for step disturbance in 

PSref.  

Figure 9: Response of reactive power (Q) for step disturbance in 

PSref. 

Figure 10: Response of active current (IP) for step disturbance in 

IRref. 

Figure 11: Response of active power (P) for step disturbance in IRref. 

Figure 12: Response of reactive current (IR) for step disturbance in 

IRref. 

Figure 13: Response of reactive power (Q) for step disturbance in 

IRref. 

current decoupled control scheme for a step disturbance in 

IRref. From Figure 13, it is clear that the step disturbance in IRref 

value is employed at 0.50 sec and restored at 1.0 sec. The 

result shows the reactive power (Q) has followed the 

disturbance applied to the input. 

Figure 14 presents a phase relation between phase-a voltage 

of grid and phase-a current of converter for step disturbance 

in IRref. From Figure 14(b), it is noticed that the phase current 
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Figure 14: Phase voltage of grid & converter current for step 

disturbance in IRref. (a) Overall view, (b) Zoom view. 

of converter changing from leading to lagging for the reactive 

current reference switching from capacitive to inductive mode 

at 0.50 sec. Following this, the converter current changes 

from lagging to leading for the reactive current reference 

switching from inductive to capacitive mode at 1.0 sec. 

Referring to Figures 12 & 14, it is noticed that, step response 

of the MMC reactive current with the proposed controller’s 

parameters, undergo smooth and fast transition from between 

capacitive mode and inductive mode of the MMC operation, 

and finally reaches the steady-state less than 0.003 sec.   

5. CONCLUSION 

This paper proposes design of a decoupled current controller 

for the modular multilevel converter. The proposed control 

scheme can achieve an independent regulation of active 

power and reactive power, also significantly improve the 

MMC performance. The proposed decoupled current control 

scheme parameter’s selection is based on the desired output 

for a disturbance applied to the input. The performance of an 

MMC with the proposed controller’s scheme is evaluated by 

transient time-domain simulation, which is noticed that the 

MMC with controller’s parameters shows a good transient 

results. 
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