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Abstract From medium to high voltage applications one of 

the best topologies is the multi-level modular converter. Its 

output performance and quality depend upon the type of 

control used. Just like other conventional controls, the 

controller Nearest Level Modulation (NLM) is used for 

regulating MMC that generates N+1 output, where for per 

arm AC output voltage N denoting the number of sub-

modules. This research work proposing an improved NLM 

control technique for the MMC that creates twice the levels 

compared to the traditional NLM approach. 

 

Keywords— Power Quality, HVDC MMC, Improved NLM. 

I. INTRODUCTION 

n 2003 Modular multilevel converter was introduced [1]. 

Since its inception, it is being mainly used in high power 

and voltage applications such as STATCOM, HVDC power 

transmission [2]–[5]. Fundamentally half-bridge configuration 

is used in the MMC submodules (SMs) structure [6]. Several 

SMs topologies and their control methods were developed for 

optimizing the cost without compromising on the power 

quality [7]–[10]. In [11]–[16] researchers have worked on the 

different approaches for MMC controls such as SHE, space 

vector control, PWM, and NLM. Keeping in view the benefit 

of low frequency for switching and N+1 levels, researchers 

have preferred the usage of SHE and NLM for step wave 

modulation. As compared to SHE, NLM is quite an attractive 

approach as it has several advantages over SHE such as 

natural voltage balancing, without involving complex math, 

easy implementation, due to these features NLM is preferred 

in HVDC applications [17]–[19]. For generating the pulses for 

all of the Upper and lower SMs in the NLM technique, 

referred arm voltages are given back to the modulator. Using 

nearest integer method, staircase waveform is produced by 

converting the reference sinusoidal arm potentials. After using 

the nearest integer procedure, the Submodules are being added 

and avoided through a normal sorting procedure subject to the 

level of voltage required, the arm voltage, and current polarity 

[20]–[21]. The literature review shows that to improve the 

power quality the number of levels is supposed to be 

increased. For increasing the number of levels, the SMs are 

also required to be increased. The increment in the no of SMs 

creates the hurdle for the designer as it requires more 

capacitors and switches which increase the complexity and 

cost of the MMC [22]. This paper offers a reformed NLM 

 
 

 

method (2N+1 levels) in which we improve the power quality 

by keeping the same number of SMs. As compared to the 

other improved methods, this method has benefits in relations 

of stress-free application and power quality. Researchers in 

[23] using the binary, trinary has reduced the MMC circuitry 

and improved the power quality, but it includes difficult 

calculation and their THD is greater as matched to our 

proposed modified NLM. The author of [26] offered increased 

level NLM with the decrease in the quantity of THD and SMs 

but their technique also contains as matched to our suggested 

modified NLM. 

 

In this paper, the NLM approach is executed in LabVIEW and 

the MMC circuitry is developed in Multisim. Outcomes are 

gotten using the stage of LabVIEW Multisim co-simulation 

and NLM is compared with the modified NLM method. 

II. WORKING PRINCIPLE OF MMC 

 In Fig. 1 1-ϕ MMC circuit is shown. It contains inductor 

coupled upper-lower arms respectively has N-linked SMs in 

successions along with respectively one connected with two 

switches and a capacitor coupled across. Eq. 1 and 2 are 

obtained by using KVL in both upper and lower loop. 

𝑉 =
1

2
𝑽𝒅𝒄 − 𝑽𝑼 − 𝐿

𝑑𝑖𝑈

𝑑𝑡
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1
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𝑽𝒅𝒄 + 𝑽𝑳 + 𝐿

𝑑𝑖𝐿

𝑑𝑡
                                                        (2) 

 

For output current Kirchhoff’s current law (KCL) is being 

applied: 

 

𝑖 = 𝒊𝑳 − 𝒊𝑼                                                                                (3) 

 

The correspondent MMC circuit is being presented in Fig. 

1(b). Now utilizing (1) and (2) the voltage yield will turn out 

to be 

𝑉 =
1

2
(𝑽𝑳 − 𝑽𝑼) +

1

2
𝐿

𝑑𝑖

𝑑𝑡
                                                        (4) 

Further from equation (3) equivalent alternating current 

(AC) voltage (𝑽𝑬) can be written as 

𝑽𝑬 =
1

2
(𝑽𝑳 − 𝑽𝑼)                                                                       (5) 
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Fig 1. (a) MMC 1 Phase Circuit Structure (b) Equivalent 

Circuit 

 

Usually, the AC correspondent voltage can be shown as 

𝑉𝐸
𝑟𝑒𝑓

=
𝑚𝑬𝒅𝒄

2
cos(𝜔𝑡)                                                                (6) 

 

Where: 

• M ranging 0<m<1 is modulation index 

• angular frequency is denoted by 𝜔 

• submodules(N number) are utilized in the circuit  

By means of orthodox NLM method, the underneath equation 

is fulfilled on the direct current portion. 

 

𝑬𝒅𝒄 = 𝑬𝑳 + 𝑬𝑼                                                                             (7) 

 

voltages taken as reference  for upper-lower arm are 

𝑉𝑈
𝑟𝑒𝑓

=
𝑉𝑑𝑐

2
[1 − 𝑚 cos(𝜔𝑡)]                                                     (8) 

𝑉𝐿
𝑟𝑒𝑓

=
𝑉𝑑𝑐

2
[1 + 𝑚 cos(𝜔𝑡)]                                                     (9) 

 

III. CONVENTIONAL NLM METHOD 

In NLM  submodules number(N) to be added 

 

𝑁𝑈 = 𝑟𝑜𝑢𝑛𝑑0.5

𝑉𝑑𝑐

2𝑉𝑑

(1 − 𝑚 cos(𝜔𝑡))                                     (10) 

𝑁𝐿 = 𝑟𝑜𝑢𝑛𝑑0.5

𝑉𝑑𝑐

2𝑉𝑑

(1 + 𝑚 cos(𝜔𝑡))                                     (11) 

Where: 

• Vd is the instant SM capacitor voltage 

By using round function real number is rounded to nearest 

integer .If the decimal fraction is < 0.5 then the function will 

be rounded to previous integer or else > 0.5 then function 

rounded to next integer.  

 

A. Switching modes 

 

In Fig 2. for understanding the switching states two cases [t1 

to t2 & t2 to t3] are examined. In the initial instance [t1 to t2], 

supposing VL step equal to MVd then the upper and lower 

arm reference voltages can be shown as  

 

{
𝑉𝐿

𝑟𝑒𝑓
= (𝑀 + 0.5)𝑉𝑑                      

𝑉𝑈
𝑟𝑒𝑓

= [(𝑁 − 𝑀 − 1) + 0.5]𝑉𝑑

}                                         (12) 

 

𝑉𝐸
𝑟𝑒𝑓

= (𝑀 − 0.5𝑁 + 0.5)𝑉𝑑                                                     (13) 

 

In the initial case [t1 to t2], arm voltages of step waveforms 

and alike internal voltage are stated as 

 

{
𝑉𝐿

𝑠𝑡𝑒𝑝
= 𝑀𝑉𝑑                      

𝑉𝑈
𝑠𝑡𝑒𝑝

= (𝑁 − 𝑀)𝑉𝑑           
}                                                       (14) 

 

𝑉𝐸
𝑠𝑡𝑒𝑝

= (𝑀 − 0.5𝑁)𝑉𝑑                                                               (15) 

 

In the second state [t2 to t3] reference of arm voltages and 

its alike internal voltage are stated as 

 

{
𝑉𝐿

𝑟𝑒𝑓
= [(𝑀 − 1) + 0.5]𝑉𝑑                      

𝑉𝑈
𝑟𝑒𝑓

= [(𝑁 − 𝑀) + 0.5]𝑉𝑑                    
}                              (16) 

 

𝑉𝐸
𝑟𝑒𝑓

= (𝑀 − 0.5𝑁 − 0.5)𝑉𝑑                                                     (17) 

 

The arm voltages having step waves and equivalent inner 

voltages are shown as  

 

{
𝑉𝐿

𝑠𝑡𝑒𝑝
= (𝑀 − 1)𝑉𝑑                                

𝑉𝑈
𝑠𝑡𝑒𝑝

= [(𝑁 − 𝑀) + 1]𝑉𝑑                    
}                               (18) 

 

𝑉𝐸
𝑠𝑡𝑒𝑝

= (𝑀 − 0.5𝑁 − 1)𝑉𝑑                                                    (19) 

 

Now comparing (15) and (19), it can be seen that the height of 

step in V step is𝑉𝑑. Since the positive and negative DC voltage 

limits are ±0.5Vdc, the max level in equivalent internal 

voltage is equivalent to 𝑉𝑑𝑐/𝑉𝑑 +1. 
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Fig 2. Switching arrangement of Conventional NLM 

  

IV. PROPOSE MODIFIED NLM METHOD 

The proposed method can be analyzed and executed by 

introducing the phase shift in any of the upper or lower arm of 

the circuit. Fig. 3 is showing the proposed modified NLM 

technique. In this we have added the phase shift in its lower 

arm. The reference and the staircase voltage waveform can be 

visualized through equation 20 and 21. 

 𝑉𝐿
𝑟𝑒𝑓

=
𝑉𝑑

2
(1 + 𝑚 cos(𝜔𝑡 + 𝛽))                                            (20) 

𝑉𝐿
𝑠𝑡𝑒𝑝

= 𝑟𝑜𝑢𝑛𝑑0.5

𝑉𝑑

2
(1 + 𝑚 cos(𝜔𝑡 + 𝛽))                         (21) 

 

Using Fig. 4 we can calculate the value of β. 

 
Fig 3. Modified NLM Method 

For Execution of proposed co-simulation of NLM method, 

It is being implemented in the LabVIEW as depicted in the 

figure 4. In that algorithm we are feeding the voltage THD to 

the selection block in which the previous Total harmonic 

distortion iteration is existing. The phase shift is added or 

subtracted on the basis of THD. The increment in the phase is 

observed if present iteration THD is less than the preceding 

iteration or else decreased. Load deviation, momentary faults 

and transients will effect β angle. The value from 9.5 degrees 

to 11 degrees of β (phase shift) was observed as the ideal 

angle in amended NLM technique. 

 

Fig 4. Proposed Modified NLM. 

V. LABVIEW MULTISIM CO-SIMULATION 

We have designed the conventional and modified NLM 

technique and got the co-simulation results for both and 

compared with each other. Table 1 is showing the parameters 

which are set for the designed three phase MMC. The results 

are also obtained for N+1 and 2N+1 levels. 

 

 

 

  

TABLE. I 

SIMULATION PARAMETERS 

Item No. System Parameters Values 

1 Vd  100V 

2 Rated Frequency  50Hz 

3 Line Arm Inductance 10mH 

4 Line Inductance 100mH 

5 Line resistance   1000 Ω 

 

 

 

 

 
Fig 5. From 6 to 11 levels 3-phase output voltage 

waveforms. 

 

 
Fig 6. From 6 to 11 levels 3-phase output current 

waveforms. 
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Fig 7. Visual Circuit Operation of Submodules 

 

Through conventional NLM the current and voltage THD is 

7.46% and 12.10% correspondingly for N+1 levels where N is 

equal to five. The improved NLM procedure is triggered at 

0.04 sec and we get reduced Total harmonic distortion of 

current and its voltage output is as 4,35% and 5.98% 

correspondingly for N+1 level . 

 

Fig 5 and Fig 6 are obtained by performing the co-simulation 

between LabVIEW Multisim. The comparative analysis of 

N+1 and 2N+1 is also depicted in the Table 2 which shows the 

efficiency of this modified NLM technique. 

 

 

VI. CONCLUSION 

For higher value of THD, the applications of NLM control for 

MMC in the HVDC applications gets limited due to 

requirement of larger number of submodules, energy storing 

element termed as capacitors. Hence, this research work gives 

us a breakthrough in the shape of Modified NLM which 

improves the quality of power without increasing the number 

of submodules, capacitors. The effectiveness of improved 

NLM method is reflected through the Multisim LabVIEW Co-

Simulation. 

Thus we can conclude this research work in a way that our 

modified NLM method is capable of producing 2N+1 output 

voltage levels as compared to the conventional NLM method..  
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