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ROBUST AND MODERN CONTROL OF VSC-HVDC 

Affane GHALEM1, Allaoui TAYEB2, Smaili ATTALLAH3 , Kouadria Mohamed 
ABDELDJABBAR4 

This paper contains a set of controls on the VSC-HVDC system aimed at 
selecting the best control capable of making the system withstands the impact of 
internal and external interference from nearby devices and make it more suitable in 
complex electrical networks. Among these controls is control by conventional PID, 
IMC control. The validity of these controls applied to the VSC-HVDC system has 
been investigated by MATLB/Simulink. Sealing this work by comparing and 
choosing the best control makes the system more stable and the demand of industrial 
and commercial electrical partners. 
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1. Introduction 

To Today we find the technological and commercial competition in the 
field of renewable energy in a very rapid and terrible development, and that the 
most important of which is to eliminate the pollution problem that is currently 
taking place in the world and the interconnection between countries. Wind energy 
is one of the most promising renewable sources of energy for the preservation of 
the environment. The development of these energies was mainly based on power 
electronic and the automatically control. The Voltage Source Converter based 
High Voltage Direct Current (VSC-HVDC) installation has several advantages 
compared to conventional High voltage Direct Voltage (HVDC) such as, 
independent control of active and reactive power, reversal of power without 
changing the polarity of dc voltage and no requirement of fast communication 
between the two converter stations [1],[2]. The (VSC-HVDC) lines are seen as the 
preferred solution for accommodation the increase in renewable energies and 
additional interconnection capacity due to their controllability and adequacy for 
long underground and undersea connections [3].In order to make the 
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system(VSC-HVDC) more stable against the internal and external perturbations 
issued by the surrounding devices must choose the best control suitable for this. 

The paper is organized as follows. The configuration of VSC based HVDC 
link is described in section 1, the modelling of VSC-HVDC system in section 2, 
control by Proportional-Integral PI and simulation results in section 3, control by 
IMC discussed in section 4, and 5. Finally; the section 6 presents the conclusions. 

2. Configuration of VSC-HVDC System  

The figure.1 shows the configuration of VSC based HVDC link, consisting 
of two different sources AC of frequency, two transformators, two AC filters 
reactors and DC cable and two converters rectifier and inverter. The VSC as 
shown in figure.2 are consisted of six-pulse Bridge equipped with self-
commutating switches (IGBTs) and diode connected in anti-parallel. 

 

 
Fig.1. The configuration of VSC based HVDC transmission system 

 
Fig. 2. The structure of VSC-HVDC converter 

3. The Modeling of VSC-HVDC system  

The mathematic model of VSC-HVDC in three phases: 
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                                                             (1) 

Where ,  and   are component of the AC voltage of 
transmission network, , and  are phase currents. L represents the 
inductance of the phase reactor and R represents the resistance of the phase 
reactor. ,  and  are phases voltage at the side of the 
converter can be represented by:  

                                   (2) 

With iS the switching function defined by upper switch ON,  
botton switch OFF with phase i=a, b, c. Where and  are DC output 
voltage and current respectively [4],[5]. 

The dq frame transformation of equation (1), the dq components of the 
voltage become:            

                  (3) 

The equations of the active and reactive power in the dq frame as: 

                                                                           (4) 

Whit  thus the active and reactive power are represented as [6]: 

                                                                                          

(5)

                                                                                       The active power balanced relationship between the AC input and DC 
output are given as [6]: 
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                                                               (6)
                                                              

4. Inner Control Loop  

 The using equation (3) for the inner controller loop, the current controller 
block uses the Proportional-Integral PI controller with the transfer function given 
by 

                                                                                                (7) 

We propose  

            

                                                                (8) 

Where   and  regulate the dq-axis current. 

                               (9) 

Where  and  are the proportional and integral gains of PI controller 
are calculating as: 

             

                                                                                           (10)                                                            

With  , where  the switching frequency of the converter 

block. 

     The principal of inner control is based from the equation (3). The type of 
the control allows through a reference current  and  of the generated 
reference voltage  and   for generating control pulses for VSC 
converter. The detailed block diagram of the complete system is shown as:  
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Fig. 3. Detail block diagram of inner controller system 

5. Active and Reactive Power Controllers 

From the equation (5), the reference current  and   becomes: 
                                                                                 

                                                                            (11) 

Where  and  represent reference active and reactive power. 
The active and reactive power controller blocks use the Proportional-Integral PI 
controller. The parameters of PI controller are calculated as: 

                                                                                             (12) 

Where n is natural number  

The block diagrams of active and reactive controls are shown on the 
following fig. (4) and fig. (5): 

 

Fig. 4. Block diagram of active power control 



172        Affane Ghalem, Allaoui Tayeb, Smaili Attallah, Kouadria Mohamed Abdeldjabbar 
 

 

 

Fig. 5. block diagram of reactive control 
 

6. DC-link model and linearization 
 
The dc-link voltage is modeled as a pure capacitor. This capacitor is 

energy storage where the stored electrical energy is Joule as [8] : 

                                                                                      (13) 

With  

                                                                                          (14) 

And  

                                                                           (15) 

7. Linearization 

 We now choose a new state variable  , the equation (16) 
becomes: 

                                                      (16) 

The choice of regulator which corresponds with this loop is regulator PI 
classic, after calculations the parameters of regulator are calculated as follow [7]:               

                                                                                     (17) 

The following diagram represents the DC link voltage  
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Fig. 6. Block diagram of the DC link voltage controller 

8. Simulation Results 
 
After steady state has been reached, a 1.5 pu step is applied to the 

reference active power at (t=0.2 s) and later a -0.2 pu step is applied to the 
reference active power at (t=1.0 s). a -0.1 pu step is applied to reference reactive 
power at (t=0.5s). The dynamic response of the regulators is observed. Stabilizing 
time is approximately 0.24 s. 
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Fig.7 Active Power (pu) 

 

0 0.5 1 1.5 2 2.5 3-0.12

-0.1

-0.08

-0.06

-0.04

-0.02

0

Q
-m

ea
s(

pu
)

Q
-r

ef
(p

u)

 

 

Q-ref(pu)
Q-meas(pu)

-0.1 p.u. step

 
Fig.8. Reactive Pouwer (pu) 



174        Affane Ghalem, Allaoui Tayeb, Smaili Attallah, Kouadria Mohamed Abdeldjabbar 
 

 

0 0.5 1 1.5 2 2.5 30

2000

4000

6000

8000

10000

12000

time(s)

V
dc

-v
ol

ta
ge

 (V
)

0.24 0.26 0.28 0.3 0.32 0.34

9700

9800

9900

10000

10100

 

Fig. 9 simulation of Vdc-voltage (V) 

9.Internal Model Control (IMC) 
 
Consider the system shown in figure (10),  is the plant  is the 

nominal model, R(s) is the desired value, U(s) is the control, d(s) is a disturbance 
input.  

( )cG s is called the IMC controller and is to be designed so that y(t) is kept as close 
possible to r(t) at all times.  
The feedback signal         

                                                     (18) 
If in equation (19) the model is exact,  and the disturbance 

d(s) is zero, then  is also zero and the control is effectively open-loop. This is 
the condition when there is no uncertainty. However, if  and d(s) is 
not zero, the  expresses the uncertainty of the process.  

 

Fig.10. Block diagram of an IMC system 
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From figure (10) the resulting control signal is given by                         

                      (19) 

    The closed loop transfer function for the IMC scheme is therefore  
         

                                          (20) 

From this closed loop expression, we can see that if  and if  
, then perfect set point tracking and disturbance rejection is 

achieved. Notice that theoretically even if , perfect disturbance 
rejection can still be realized provided . 

Additionally, to improve robustness, the effects of process model 
mismatch should be minimized.  
Since discrepancies between process and model behavior usually occur at the high 
frequency end of the system’s frequency response, a low-pass filter   is 
usually added to attenuate the effects of process model mismatch. Thus, the 
internal model controller is usually designed as the inverse of the process model 
inseries with a low-pass filter,  the order of the filter is 
usually chosen such that  is proper.  
   The resulting closed loop then becomes 

                                  (21) 

Designing an internal model controller is relatively easy. Given a model of 
the process , first factor  intro invertible and non-invertible 
components.             

                                                                              (22) 
The non-invertible component , contains terms which if inverted, 

will lead to instability and reliability problem, terms containing positive zero and 
time-delays.  
Next, set  and then , where  is a low 
pass function of appropriate order [8], [9],. 
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10. Determination Controller PI of current   based on IMC 
The model of system which connected the current  and the voltage   

is of first order of the form:  
   

Whit  

                                                                                                 (23) 

 
The controller  is the reverse of the transfer function   : 

                                                                                      (24) 

  One will increase the controller   relation (24) by a filter f(s) of order one 
which returns controller IMC  suitable [10]: 

                                                                                 (25) 

                                      
                                              (26) 

 
The comparing of equation (26) by the transfer function of PI: 

 

The parameters of the PI,  and as result: 

                                                                              (27) 
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11. Determination Controller PI of Active and Reactive Power based 
on IMC 

The open loop transfer’s functions of active and reactive power are given 
as:                                                                  

                                                                              (28) 

The controller  and   are the reverse of the open loop transfer 
function of active and reactive power respectively: 

                                                                 (29) 

   The IMCs controllers of active and reactive power are given as:  

                                                                    (30) 

The comparing of equation (31) by the transfer function of PI:       

                                                                         (31) 

Thus the parameters , ,  and  as follows 

     and      
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12. Simulation Results 
 
After steady state has been reached, a 1.5 pu step is applied to the 

reference active power at (t=0.2 s) and later a -0.2 pu step is applied to the 
reference active power at (t=1.0 s). a -0.5 pu step is applied to reference reactive 
power at (t=0.2s). The dynamic response of the regulators is observed. Stabilizing 
time is approximately 0.20 s. 
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Fig.11. Active Power (pu) 
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Fig.12. Reactive Power (pu) 
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Fig.13 Vdc-Voltage (V) 

 
13.Conclusion  
 
In this work we applied a set of controls on the VSC-HVDC system to 

connect to the choice of the best controller capable of making this system more 
capable of working and stability and withstand the disturbances of the devices and 
external conditions, and the results of comparison between the controls placed on 
the system are respectively, The control IMC is the best control through the 
response time; stability ; elimination of disturbances and more performance.the 
controlled by IMC control of the response time by a low pass filter, this control 
also has the advantages of relying on the internal mathematical model of the 
system, which makes it perfect control . The Control by PI is a control that does 
not make the system more suitable when changing its internal properties and 
external disturbances. The proposed controls comparisons are a reliable solution 
to this type of control problem that appears in the smart grid and in connection 
with renewable energy sources with the power grid. 
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