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 Voltage-source converter (VSC) topology is widely used for grid interfacing 

of distributed generation (DG) systems such as the photovoltaic system (PV). 

Since the operation of the VSC is essential to ensure quality of active and 

reactive power injected to the grid, a control approach is needed to deal with 

the uncertainties in the grid such as faults. This paper presents a non-linear 

controller design for a three-phase voltage source converter (VSC). The 

dynamic variables adopted for the VSC are the instantaneous real and reactive 

power components. The control approach that interface the VSC between the 

PV system and the grid are subjected to the current-voltage based. PV system 

injects active power to the grid and local load while utility grid monitors the 

power compensation of load reactive power. The proposed non-linear control 

strategy is implemented for the VSC to ensure fast error tracking and finite 

convergence time. The adaptive nature of the proposed non-linear control 

provides more robustness, less sluggish fault recovery compared to 

conventional PI control. The comprehensive numerical model is demonstrated 

in MATLAB script environment with power system disturbances such as 

faults in the grid. The simulation of proposed system is being carried out in 

MATLAB/SIMULINK environment to validate the control scheme. The 

proposed control system regulates the VSC ac side real and reactive power 

component and the dc side voltage. 
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1. INTRODUCTION 

The voltage source converter (VSC) topology is widely accepted for application in electric power 

generation, transmission and distribution systems [1], [2]. VSC is capable to decouple the instantaneous real 

and reactive power control in which both components are controlled through the VSC instantaneous qd current 

components which is proportional to the real and reactive power components. Converting abc currents to 

current dq components requires a phase-loop loop (PLL) system to determine the phase angle in the dq of the 

round frame. If PLL dynamics are ignored in the VSC control design, the control system must be strong enough 

to compensate for the unknown PLL dynamics. In addition, using the current components dq as a dynamic 

variable leads to a non-linear VSC control model, which in turn adds complexity to the control design. 

Numerous nonlinear and nonlinear control methods have been proposed in technical publications [3], [4]. 

Among linear control methods, feedback-based methods do not necessarily provide strong controls, 

as control provisions (such as margins of stability) are not summarized in this methods [5]. It proposes a root 

site analysis approach to ensure the power of a controller designed on the basis of feedback from the country. 
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Another disadvantage is that such PI-controllers are often designed based on experiments and errors. Among 

nonlinear methods of regulation, linear feedback methods are not robust because they require a careful 

correction of nonlinear VSC models. In this context, integrated controls are introduced to eliminate static errors 

and idle controls to increase the linear control capability of the VSC on [6] and respectively. 

This paper presents a new model for strong control design in VSC. The proposed model uses real and 

immediate interactive power components (p) t and q (t), compared to the current component of conventional 

dq, as a dynamic variable. p (t) and q (t), other than other electrical parameters, have a separate waveform 

independent of the approved reference frame. Therefore, the values of p (t) and q (t) can be specified within 

the abc reference frame, which is independent of PLL, and is used as a reference to dq to reduce uncertainty in 

the form. The design of a strong organizational design model is due to dynamic variables, p (t) and q (t), not 

based on the frame of reference. The limits of the proposed approach, based on p (t) and q (t) as variables, do 

not provide excessive capacity at present beyond the limits.  

The transformer discussed in this paper is the three-phase DC power source transformer using PWM 

shaping technology. Traditionally, in the VSC model, the active and reactive power at the PCC is controlled 

by controlling the direct and quadrature current axis components of the current. This is achieved by converting 

the abc frame to their own dq components using a locked loop (PLL)[7]. Figure 1. shows a diagram of the PV 

system that connects the distribution system and the PCC through the VSC and the Ri + jwLi interface, where 

w is the angular frequency of the power system. The linear part impedance between the PCC and the network 

is Rg + jwLg. The RLC load is connected to the PCC. The investigation of the converter level control 

framework depends on an improved scientific model of the converter associated with the framework [8].  

Two PI controllers are utilized to control the dc amount and the air conditioner side responsive power 

independently [9]. 

In traditional control conspires, the PWM-CSR has been worked with disconnected examples [10]–

[11]. It demonstrates that dynamic damping can be promptly executed by methods for state variable criticism 

[12]. At long last, introduces a straightforward and minimal effort approach (it utilizes standard simple and 

computerized hardware) to accomplish close solidarity DPF [13]. Among other late advancements, space 

vector adjustment (SVM) has been appeared to have a high voltage increase, decreased exchanging recurrence, 

low line current consonant mutilation, and a clear usage on computerized frameworks [14]–[16]. 

The system model is being derived from initial assumption on grid voltage (𝑉𝑏) and generation bus 

active power (Pi≈Ppv) as mentioned below. 

 

 

 
 

Figure 1. PV system interfaced with distribution system at PCC 

 

 

𝑉2𝑄 = 𝑉𝑏𝑄 + 𝑅𝑔𝐼2𝑄 + 𝑋𝑔𝐼2𝐷                                                                                                                         (1) 

 

where V_2 is voltage at PCC, I_2 is curren t from PCC to grid, 𝐼𝑖 is current from VSC to PCC, Q_i is reactive 

power generated at VSC. As PV is treated as a source of active power when connected in series, 𝑄𝑖 is assumed 

to be zero.  

From the schematic diagram shown in Figure 3, the VSC dynamic model in abc reference frame is 

obtained as:  

 

𝑉𝑖,𝑎𝑏𝑐 = 𝐿𝑖  
𝑑𝐼𝑖,𝑎𝑏𝑐

𝑑𝑡
+ 𝑅𝑖𝐼𝑖,𝑎𝑏𝑐 + 𝑉2,𝑎𝑏𝑐 (2) 

 

where, 𝑉𝑖,𝑎𝑏𝑐 = voltage at ac side of the VSC: 𝑉2,𝑎𝑏𝑐 = voltage at PCC; 𝑉𝑖,𝑎𝑏𝑐 = instantaneous current at abc 

frame. After transformation of (5) from abc reference frame to dq reference frame, the VSC dynamic become:  
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𝑑𝐼𝑖𝑑

𝑑𝑡
= − 

𝑅𝑖

𝐿𝑖
𝐼𝑖𝑑 +  𝜔𝐼𝑖𝑞 +

𝑉𝑖𝑑−𝑉2𝑑

𝐿𝑖
  (3) 

 
𝑑𝐼𝑖𝑞

𝑑𝑡
= − 

𝑅𝑖

𝐿𝑖
𝐼𝑖𝑞 + 𝜔𝐼𝑖𝑑 +

𝑉𝑖𝑞−𝑉2𝑞 

𝐿𝑖
  (4) 

 

where 𝑉𝑖,𝑑𝑞 = voltage at ac side of VSC; 𝑉2,𝑑𝑞 = voltage at the PCC; 𝐼𝑖,𝑑𝑞 =  Instantaneous current in d-q 

frame. 

𝑉𝑖𝑑 = 
√3

√2
2 𝑉𝑝𝑣(𝑚𝑎 cos 𝛿) =

√3

√2
2 𝑉𝑝𝑣𝑈𝑑 

𝑉𝑖𝑞 = 
√3

√2
2 𝑉𝑝𝑣(𝑚𝑎 sin 𝛿) =

√3

√2
2 𝑉𝑝𝑣𝑈𝑞   (5) 

 

where 𝑉𝑝𝑣 = voltage at PV side of VSC; 𝑚𝑎 = PWM modulation index;𝛿 = phase angel for firing of IGBTs 

of VSC inverter. The power at PCC is obtained from the relationship: 

 

𝑃2 = 
3

2
(𝑉2𝑑𝐼𝑖𝑑 + 𝑉2𝑞𝐼2𝑞) (6) 

 

𝑄2 = 
3

2
(𝑉2𝑞𝐼𝑖𝑑 + 𝑉2𝑞𝐼2𝑞)  (7) 

 

At the PV side of the VSC, the dc link capacitor voltage shows another dynamic relation as (where switching 

losses is assumed to be neglected): 

 

𝐶𝑝𝑣
𝑑𝑉𝑝𝑣

𝑑𝑡
= 𝐼𝑝𝑣 − 

𝑃𝑖

𝑉𝑝𝑣
   (8) 

 

which can be written as  

 
𝑑𝑉𝑝𝑣

𝑑𝑡
=  

1

𝐶𝑝𝑣𝑉𝑃𝑉
(𝑝𝑝𝑣 − 𝑃𝑖) 

=
1

𝐶𝑝𝑣
[𝐼𝑝𝑣 − 

√3

√2
2  (𝐼𝑖𝑑𝑈𝑑 + 𝐼𝑖𝑞𝑈𝑞)] (9) 

 

where PV power is calculated as 

 

𝑃𝑝𝑣 = 𝑉𝑃𝑉 × 𝐼𝑝𝑣 (10) 

 

in (11), (12) and (16) are used to construct the dynamic model for the proposed VSC-based grid-integrated PV 

system. The operating frequency is attained during system dynamic operation by a droop control strategy as 

shown in (19). 

 

𝑓 − 𝑓0 = −𝑅𝑑𝑟𝑜𝑜𝑝(𝑃𝑖 − 𝑃𝑝𝑣) (11) 

 

where  𝑓0 = 𝑛𝑜𝑚𝑖𝑛𝑎𝑙 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦. 
 

 

2. RESEARCH METHOD  

The PV system is integrated with the utility network via VSC. The purpose of the control is to maintain 

active (𝑃2) and reactive (𝑄2) active energy in PCC. VSC output power can be controlled by PWM to VSC 

converter, which will provide power injection control to PCC. For the proposed system, the I-V control strategy 

is implemented with nonlinear FTFTSM controls. Therefore, PV side VSC voltage (𝑉𝑝𝑣 ) and q axis current 

flowing from VSC to PCC (𝐼𝑖𝑞) are considered as feedback signals to the controller. A small signal stability 

analysis of grid-connected VSC with PI control is outlined below. For PI control, basic current control strategy 

is being implemented. 

 

2.1.   Small Signal Analysis with PI Control 

To evaluate stability behaviour, the system dynamics is represented in small signal terms as: 
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𝑑∆𝐼𝑖𝑑(𝑡)

𝑑𝑡
= −

𝑅𝑖

𝐿𝑖
∆𝐼𝑖𝑑(𝑡) +  𝜔∆𝐼𝐼𝑞(𝑡) +

√3

√2
2

∆𝑉𝑝𝑣(𝑡)

𝐿𝑖
∆𝑈𝑑(𝑡) − 

∆𝑉2𝑑(𝑡)

𝐿𝑖
   (12) 

 
𝑑∆𝐼𝑖𝑞(𝑡)

𝑑𝑡
= −

𝑅𝑖

𝐿𝑖
∆𝐼𝑖𝑞(𝑡) +  𝜔∆𝐼𝐼𝑑(𝑡) +

√3

√2
2

∆𝑉𝑝𝑣(𝑡)

𝐿𝑖
∆𝑈𝑞(𝑡) − 

∆𝑉2𝑞(𝑡)

𝐿𝑖
  (13) 

 

in (9) and (10) can be written in frequency domain as: 

 
1

𝑎1
(𝑠 +

𝑅𝑖

𝐿𝑖
)∆𝐼𝑖𝑑(𝑠) −

𝜔

𝑎1
∆𝐼𝑖𝑞(𝑠) +

∆𝑉2𝑑(𝑠)

𝑎1𝐿𝑖
= ∆𝑈𝑑(𝑠)  (14) 

 
1

𝑎1
(𝑠 +

𝑅𝑖

𝐿𝑖
)∆𝐼𝑖𝑞(𝑠) −

𝜔

𝑎1
∆𝐼𝑖𝑑(𝑠) +

∆𝑉2𝑞(𝑠)

𝑎1𝐿𝑖
= ∆𝑈𝑞(𝑠)  (15) 

 

where   𝑎1 = 
√3

√2
2

∆𝑉𝑝𝑣(𝑆)

𝐿𝑖
   and the relationship expressed in (13) and (14) can be represented as: 

[
1

𝑎1
(𝑠 +

𝑅𝑖

𝐿𝑖
) −

𝜔

𝑎1
] [

∆𝐼𝑖𝑑(𝑠)
∆𝐼𝐼𝑞(𝑠)

] +

[
 
 
 
 
∆𝑉2𝑑(𝑡)

𝑎1𝐿𝑖

∆𝑉2𝑞(𝑡)

𝑎1𝐿𝑖 ]
 
 
 
 

 =  [
∆𝑈𝑑(𝑠)
∆𝑈𝑞(𝑠)

] 

 

or, 

 

[
𝐺11 𝐺12

𝐺21 𝐺22
] [

∆𝐼𝑖𝑑(𝑠)
∆𝐼𝑖𝑞(𝑠)

] + [
𝐴1

𝐴2
] = [

∆𝑈𝑑(𝑠)
∆𝑈𝑞(𝑠)

] (16) 

 

from the above equation, d axis current is directly related to control output as: 

 

𝐺11∆𝐼𝑖𝑑(𝑠) + 𝐴1 = ∆𝑈𝑑(𝑠) (17) 

 

error from VSC input dc voltage is summed up through a gain with conventional current control loop for d axis 

current error is taken into account. Through proportional (𝐾𝑝1 and 𝐾𝑝2 ) and integral (𝐾𝑖1𝑎𝑛𝑑 𝐾𝑖2) gain the PI 

scheme is implemented as shown in Figure 4. 

From the above schematic, relation between feedback error and the response can be established as: 

 

(∆𝐼∗
𝑖𝑑

(𝑠) − ∆𝐼𝑖𝑑(𝑠)) [𝐾𝑝1 +
𝐾𝑖1

𝑠
] + 𝐾𝑝𝑣 (∆𝑉∗

𝑝𝑣(𝑠) − ∆𝑉𝑝𝑣(𝑠)) =  ∆𝑈𝑑(𝑠) (18) 

 

substituting   ∆𝑈𝑑(𝑠) from (21) we can rewrite the above equation as: 

 

Where 𝐺𝑃1 = [𝐾𝑝1 +
𝐾𝑖1

𝑆
] (19) 

 

A closed loop system is achieved in (19), where dc voltage error is potential to put negligible deviation to PCC 

bus due to the decoupling through VSC. Hence, by neglecting dc voltage error, the system in (19) will represent 

a SISO system whose stability is determined by the pole. 

 

2.2.  I-V Control Strategy with Adaptive FFTSM Control. 

Basically, PI-based VSC control approach is one of the conventional one. Despite having the 

advantages like simplified construction, steady-state error, PI-based controller is deficient in high overshoot 

during sudden disturbances, fragile nature to controller gains, sluggish response and above all performance 

deterioration during change in operating conditions. To overcome difficulties associated with PI control, the 

concept of nonlinear control has been introduced. In present work, an ordinary terminal sliding mode (TSM) 

control is thus compared with proposed FTFTSM approach. To implement nonlinear control for VSC, the 

system dynamic model is described in terms of state space model as mention below. 

Where  𝑥 is the state vector,  𝑢 is the input vector and 𝑦 is the output vector to be controlled. From 

(3), (4) and (9) it is clear that system dynamics depend on three state variables, 𝐼𝑖𝑑 , 𝐼𝑖𝑞  and 𝑉𝑝𝑣 respectively. 

Thus, the state vector and input vector are constructed as in (20) and (21). 
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𝑥 = [

𝑥1

𝑥2

𝑥3

] =  [

𝐼𝑖𝑑
𝐼𝑖𝑞
𝑉𝑝𝑣

] (20) 

 

𝑢 =  [
𝑢𝑑

𝑢𝑞
] (21) 

 

From the three dynamic equations the state space functions are obtained as: 

𝑓(𝑥) =  

[
 
 
 
 −

𝑅𝑖

𝐿𝑖
𝑥1 + 𝜔𝑥2 −

𝑉2𝑑

𝐿𝑖

−
𝑅𝑖

𝐿𝑖
𝑥2 + 𝜔𝑥1 −

𝑉2𝑞

𝐿𝑖

𝐼𝑝𝑣

𝐶𝑝𝑣 ]
 
 
 
 

 (22) 

 

𝑔(𝑥) =  

[
 
 
 
 
 

√3

√2
2

𝑥3

𝐿𝑖
0

0
√3

√2
2

𝑥3

𝐿𝑖

−
√3

√2
2 𝑥1 −

√3

√2
2 𝑥2]

 
 
 
 
 

 (23) 

 

Hence the output smooth scalar function is defined as in (24). 

 

ℎ(𝑥) =  [
𝑥2

𝑥3
] =   [

𝐼𝑖𝑞
𝑉𝑝𝑣

] (24) 

 

 

3. RESULTS AND ANALYSIS 

A 100kW, 230V PV system integrated with utility grid is simulated in MATLAB/SIMULINK for 

performance validation of proposed model described in Figure 2. 

 

 

 
 

Figure 2. Simulation verification model of PV integrated grid system 
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3.1.  Performance During Fault 

The performance of the proposed nonlinear control is evaluated, compared PI control. The proposed 

control technique is robust, effective in terms of dynamic fault response as well as uncertain parametric 

changes. The dynamic stability condition is validated by finite time error convergence attained. 

 

 

 
 

Figure 3. Voltage at PCC 

 

 

 
 

Figure 4. Inverter Voltage 

 

 

 
 

Figure 5. Inverter current 
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Figure 6. Active power at PCC 

 

 

The system is subjected to three-phase fault at the grid for 5 cycles at time = 0.5s as shown in  

Figure 7. The p.u set point values of active and reactive power at the PCC, prior to the fault are P*2= 1.026, 

Q*2= -0.2016. Various system parameters including voltage, current, active and reactive power responses 

during fault and post-fault recovery are shown in Figire 7 in per unit (p.u). the performance of the proposed 

controller is certainly better with a settling time 0.3 s as compared to PI controller which takes 2s to regain 

stability with oscillating characteristics. From the test case fault recovery time and improved damping in 

comparison with both the PI controllers. 

 

 

 
 

Figure 7. Reactive power at PCC 

 

 

4. CONCLUSION  

In this paper, a new nonlinear control strategy for a three-phase grid connected PV generation system 

is proposed. The VSC converter interface between the PV array and the grid is modelled in a stationary phase 

frame using d-q axis current component at PCC, and dc voltage as dynamic variables. The stability theorem 

has been developed in the paper using the reactive power and dc link voltage errors. Further the instantaneous 

active and reactive power waveforms are not influenced by the PLL dynamics in the beginning of the control 

design. The simulation results of the PV system model using MATLAB script/Simulink, environment shows 

clearly that the proposed non-linear controller provides control with less settling time, overshoot, and less 

oscillatory response compared with PI control strategies. Future work will be established for grid faults 

(unsymmetrical) and other grid operational events, where the control design will be further modified into a 

more effective by sequence components consideration. 
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