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Abstract— In recent decades, Unified Power Flow Controllers 

(UPFCs) have become essential devices for enhancing the 

flexibility and controllability of modern electrical transmission 

networks. These devices facilitate the simultaneous control of local 

bus voltage and the optimization of power flow within electrical 

power transmission systems. The multilevel converter capability 

to operate with high voltage levels while generating low-distortion 

AC voltages, makes multilevel topologies suitable for UPFCs. 

Within this framework, this paper presents a novel multilevel 

converter topology and control strategy specifically designed for 

UPFC applications. The proposed solution employs a dual inverter 

topology driven by sliding mode direct power controllers, which 

are controlled via decoupled Proportional-Integral (PI) 

compensators. The characteristics, capabilities, and resulting 

flexibility of the proposed UPFC and control subsystem is 

validated through a series of simulation tests. 

Keywords— Unified Power Flow Controller (UPFC), dual 

inverter topology, dual inverter, direct power controller, decoupled 

Proportional-Integral (PI) compensators. 

I.  INTRODUCTION 

The global increase in electricity demand is exceeding 
transmission networks capacity. Many existing transmission 
lines, originally designed for local power distribution and 
emergency backup, struggle to meet the requirements of 
liberalized energy markets. Consequently, these lines become 
critical infrastructures in the management of international power 
flows. Under such conditions, power transmission systems often 
operate near their stability limits, making them more vulnerable 
to the widespread impacts of local faults. In this context, the 
Unified Power Flow Controller (UPFC) represents one of the 
most versatile solutions within the family of Flexible AC 
Transmission Systems (FACTS), utilizing power electronics to 
provide dynamic and precise control over power flows in 
transmission networks [1-4]. 

The UPFC concept, first introduced in the early 1990s, is 
based on two classical three-phase voltage-source inverters 
(VSIs) configured in a back-to-back arrangement. Thus, a 

common DC voltage link is necessary, which requires high-
capacitance, high-voltage capacitors. This configuration enables 
the UPFC to operate as a bidirectional AC-to-AC switching 
power converter, enabling power flow in both directions 
between the AC terminals of the two inverters [2]. Since the 
UPFC introduction extensive research has been undertaken on 
its converter topologies and on the associated control 
techniques, focusing on both dynamic and static performance 
characteristics [5-11]. The UPFC can regulate line parameters 
such as bus voltage, voltage angle, and line impedance, thereby 
wielding control over both active and reactive power of a 
transmission line. 

Most control methods for the UPFC rely on linearized power 
system models, which exhibit slow and cross-coupled dynamic 
responses concerning both active (P) and reactive (Q) power. 
This reliance can lead to suboptimal dynamic performance and 
undesirable instability [7-9]. To mitigate these challenges, non-
linear approaches have been proposed to enhance dynamic 
responses and decouple the power system [10]. Regarding 
UPFC topologies, reference [11] introduces a novel concept 
known as matrix converter-based direct power control, which 
substitutes the two inverters by a single matrix converter (MC). 
The employed nonlinear robust controllers facilitate 
improvements in dynamic response and power decoupling 
through sliding mode control techniques. Additionally, 
predictive control methods have been applied to the UPFC, 
demonstrating that predictive control offers a promising solution 
for power flow applications [12, 13]. Conversely, as indicated in 
[10], UPFCs utilizing proportional-integral (PI) power control 
exhibit significant cross-coupling between active and reactive 
power responses. Consequently, it is essential to eliminate 
transient cross-coupling and the strong interdependence between 
active and reactive power responses by implementing decoupled 
cascaded PI voltage and current controllers [14]. Another aspect 
concerns the power electronic converter. In this case, the use of 
multilevel topologies is highly recommended due to the power 
associated with these systems [15-18]. Furthermore, modular 
topologies are a very interesting solution for this type of 
application [19]. 
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This paper introduces a new UPFC topology that employs a 
dual inverter configuration connected to the power transmission 
line. The dual inverter system consists of two conventional 
three-phase, two-level inverters connected to a three-phase 
transformer featuring an open-winding configuration on the 
secondary side [20]. This structure enables the generation of 
nine voltage levels on the AC side. The proposed UPFC concept 
is realized by connecting two such dual inverter structures in a 
back-to-back configuration [21]. The dual inverter configuration 
offers the advantage of multilevel simpler operation, enabling 
the generation of an AC output phase voltage with up to nine 
levels [22]. This UPFC concept connects to the transmission line 
on its AC sides using two coupling transformers, one for shunt 
connection and one for series connection. To enable control, a 
power transmission network model incorporating direct power 
controllers is presented. The dual inverter structure of the UPFC 
model is applied to the development of decoupled direct power 
controllers, which manage both active (P) and reactive (Q) 
power. To design the control system, simplified models of the 
UPFC are used to create decoupled power controllers [7]. 
Additionally, sliding mode techniques are included to enhance 
the UPFC's ride-through capability [23, 24]. The proposed 
controllers regulate P and Q powers in the transmission line 
while mitigating cross-coupling and maintaining balanced 
capacitor DC voltages. The dynamic and steady-state 
performance of the proposed P, Q controllers are evaluated and 
analyzed through detailed simulations. 

II. DYNAMIC MODELING OF THE UPFC POWER SYSTEM 

The conventional UPFC employs two classical two-level 
VSIs connected in a back-to-back configuration. UFC based on 
multilevel converters also use two multilevel converters, such as 
the Neutral Point Clamped (NPC) topology, also arranged in a 
back-to-back manner. This study proposes an alternative 
approach for the multilevel converter UPFC using dual two-
level inverter topologies in a back-to-back connection. Fig. 1 
illustrates a block diagram of the proposed UPFC structure. One 
of the dual inverter structures is linked to the power transmission 
network through a shunt transformer (T1), while the other is 
connected in series with a second transformer (T2). In this 
configuration, VS and VR represent the sending-end and 
receiving-end voltages, respectively. The VSIs are connected to 
a transmission line, characterized by a series inductance and 
resistance (L and R). This modular multilevel structure 
distinguishes itself from other UPFC configurations based on 
multilevel inverters. 

Based on power flow theory and as illustrated in Fig. 1, the 
flow of active and reactive power can be regulated by injecting 
a voltage (VC) vector with adjustable magnitude and phase angle 
through a step-up series coupling open windings transformer 
(T2). The shunt converter regulates the necessary active power 
for the UPFC and typically manages the shunt reactive power. 
Under steady-state conditions, the active power transfer between 
the UPFC and the power system approaches zero, signifying a 
stable DC-link voltage. To derive the dynamic model of the 
power system for the design of active and reactive power 
controllers, the balanced three-phase system assumed is 
represented by an equivalent per-phase circuit of both voltage-
source inverters (VSIs) as depicted in Fig. 2. Using this 

simplified circuit, the dynamics of the three-phase transmission 
line currents ij (with j=1,2,3) are expressed as follows: 

UPFC

Sj
V

2
T

Dual Series 

Converter

RL

Rj
V

Dual Shunt 

Converter
1T

R L L R

CjV jI

 

Fig. 1. UPFC with a dual inverter structure. 
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Fig. 2. Per phase equivalent circuit of transmission system with UPFC. 

𝑑𝑖𝑗

𝑑𝑡
=

𝑉𝑆𝑗+𝑉𝐶𝑗−𝑅𝑖𝑗−𝑉𝑅𝑗

𝐿
,   𝑤𝑖𝑡ℎ   𝑗 = 1,2,3 (1)  

By applying the Park transformation to the equivalent 
circuit, the AC line current equations in the dq reference frame 
are derived, as shown in (2): 

[

𝑑𝐼𝑑

𝑑𝑡
𝑑𝐼𝑞

𝑑𝑡

] = [
−

𝑅

𝐿
𝜔

−𝜔 −
𝑅

𝐿

] [
𝐼𝑑
𝐼𝑞

] +
1

𝐿
[
𝑉𝐿𝑑 − 𝑉𝑅𝑑

𝑉𝐿𝑞 − 𝑉𝑅𝑞
] (2)  

In (2), the voltages VLd and VLq are introduced for notational 
simplicity, where VLd=VSd+VCd and VLq=VSq+VCq. The converter 
voltages VCd and VCq, are obtained by applying Park’s 
transformation to the high voltage measurements at the primary 
side of the shunt transformer. Thus, by solving (2) in the 
frequency domain, the system dynamics are expressed as: 

[
𝐼𝑑(𝑠)

𝐼𝑞(𝑠)
] =

[
𝑠𝐿+𝑅 𝜔𝐿
−𝜔𝐿 𝑠𝐿+𝑅

]

(𝑠𝐿+𝑅)2+(𝜔𝐿)2
[
𝑉𝐿𝑑(𝑠) − 𝑉𝑅𝑑(𝑠)

𝑉𝐿𝑞(𝑠) − 𝑉𝑅𝑞(𝑠)
] (3)  

The P and Q powers at line sending side can be expressed in 
the dq reference frame, by the following equation [25]: 

[
𝑃(𝑠)

𝑄(𝑠)
] = [

𝑉𝑆𝑑(𝑠) 𝑉𝑆𝑞(𝑠)

𝑉𝑆𝑞(𝑠) −𝑉𝑆𝑑(𝑠)
] [

𝐼𝑑(𝑠)

𝐼𝑞(𝑠)
] (4)  

The proposed UPFC structure is based on a dual-inverter 
configuration, employing two three-phase, two-level voltage 
source inverters. Each inverter is connected to the terminals of a 
shunt transformer with open windings, as shown in the detailed 
scheme of Fig. 3. In this configuration, the AC-side voltages at 
the converter inputs are determined by the switching states of the 
power semiconductors and the levels of the DC voltage sources. 
Based on the circuit analysis shown in Fig. 3, the dual converter 
model is derived under the assumption of ideal power switches 
(Sij), with the switching states represented by the time-dependent 
variables γij (t) where i=1, 2 and j=1,2,3, as defined in (5). 

𝛾𝑖𝑗 (𝑡) = {
1, 𝑖𝑓  𝑆𝑖𝑗  𝑖𝑠 𝑂𝑁  𝑎𝑛𝑑   𝑆𝑖̅𝑗  𝑖𝑠  𝑂𝐹𝐹

0, 𝑖𝑓  𝑆𝑖𝑗  𝑖𝑠 𝑂𝑁  𝑎𝑛𝑑   𝑆𝑖̅𝑗  𝑖𝑠  𝑂𝐹𝐹 
 (5)  
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Thus, the three-phase output voltages of the shunt and series 
dual converters in function of the switch states, are given by (6). 

i01 i1DC

VC2

S11 S12 S13

S12 S12 S13

S21 S22 S23
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Fig. 3. Dual two-level power converter structure. 

[
𝑉1

𝑉2

𝑉3

] =
𝑉𝐶1

3
[

2 −1 −1
−1 2 −1
−1 −1 2

] [

𝛾11

𝛾12

𝛾13

] −
𝑉𝐶2

3
[

2 −1 −1
−1 2 −1
−1 −1 2

] [

𝛾21

𝛾22

𝛾23

] (6)  

Using the Clark-Concordia matrix transformation defined by 
(7) on the previous model equations (6), the AC output voltages 
in the αβ plane are obtained according (8). 

[
𝑋𝛼

𝑋𝛽
] = [

√
2

3
0

1

√2
√2

] [
𝑋1

𝑋2
] (7)  

[
𝑉𝛼

𝑉𝛽
] = [

√
2

3
−

1

√6
−

1

√6

0
1

√2
−

1

√2

] [
𝛾1𝛼

𝛾1𝛽
] 𝑉𝐶1 − [

√
2

3
−

1

√6
−

1

√6

0
1

√2
−

1

√2

] [
𝛾2𝛼

𝛾2𝛽
]𝑉𝐶2 (8)  

Based on the previous model equations and considering the 
allowed switching combinations, 64 distinct voltage space 
vectors are generated. Assuming equal DC-link capacitor 
voltages (VDC= VC1= VC2) only 19 of these 64 possible 
combinations apply distinct AC voltages [21]. 

By analyzing the AC side of the converters, the dynamic 
behavior of the dual shunt converters AC currents in phase 
coordinates (1,2,3) and the capacitor voltages of the converter, 
as a function of the switch states of the is obtained, resulting in 
the development of the converter model (9). 

[
 
 
 
 
 
𝑑𝑖1
𝑑𝑡
𝑑𝑖2
𝑑𝑡
𝑑𝑖3
𝑑𝑡 ]

 
 
 
 
 

=

[
 
 
 
 
 −

𝑅

𝐿
0 0

0 −
𝑅

𝐿
0

0 0 −
𝑅

𝐿]
 
 
 
 
 

[
𝑖1
𝑖2
𝑖3

] − [
2 −1 −1

−1 2 −1
−1 −1 2

] [

𝛾11

𝛾12

𝛾13

]
𝑉𝐷𝐶

3𝐿
 

−[
2 −1 −1

−1 2 −1
−1 −1 2

] [

𝛾21

𝛾22

𝛾23

]
𝑉𝐷𝐶

3𝐿
+

[
 
 
 
 
1

𝐿
0 0

0
1

𝐿
0

0 0
1

𝐿]
 
 
 
 

[

𝛾11

𝛾12

𝛾13

] 

(9)  

By applying the Park transformation to the model in phase 
coordinates (9), the model in the d-q coordinates is obtained. In 
this formulation, the variables 𝑖𝑑, 𝑖𝑞 , 𝛾𝑑1, 𝛾𝑞1, 𝛾𝑑2, 𝛾𝑞2, 𝑉𝑠𝑑, and 

𝑉𝑠𝑞  represent the 𝑑𝑞 frame components, at angular frequency 𝜔, 

of the original variables 𝑖𝑗, 𝛾𝑖𝑗, and 𝑉𝑠𝑗, as shown in (10). 

[

𝑑𝑖𝑑
𝑑𝑡
𝑑𝑖𝑞

𝑑𝑡

] = [
−

𝑅

𝐿
𝜔

−𝜔 −
𝑅

𝐿

] [
𝑖𝑑
𝑖𝑞

] + [
−1 1
−1 1

] [
𝛾𝑑1
𝛾𝑞1

]
𝑉𝐷𝐶

𝐿
− 

−[
−1 1
−1 1

] [
𝛾𝑑2
𝛾𝑞2

]
𝑉𝐷𝐶

𝐿
+ [

1

𝐿
0

0
1

𝐿

] [
𝑉𝑠𝑑

𝑉𝑠𝑞
] 

(10)  

The dynamics of the DC link, can be given by: 

[

𝑑𝑖𝑑

𝑑𝑡
𝑑𝑖𝑞

𝑑𝑡

] =
1

𝐶
[[

𝛾𝑑1 𝛾𝑞1
𝛾𝑑2 𝛾𝑞1

] [
𝑖𝑑
𝑖𝑞

] − [
𝐼1𝐷𝐶

𝐼2𝐷𝐶
]] (11)  

Dynamic equations of the phase currents for the dual shunt 
converters will be used in the design of the UPFC controllers. 

 

III. DESIGN OF DECOUPLED DIRECT POWER CONTROLLERS 

A. Decoupled of P and Q Power Controllers 

 The decoupled active and reactive power controllers are 
derived from (4), assuming that the d-axis of the reference frame 
is synchronized with the grid voltage, making VSq=0. 
Considering VSd approximately constant and VSq virtually zero, 
the expressions for active and reactive power are given in (12). 

{
𝑃(𝑠) =  𝑉𝑆𝑑(𝑠)𝐼𝑑(𝑠)

𝑄(𝑠) = − 𝑉𝑆𝑑(𝑠)𝐼𝑞(𝑠)
 (12)  

The expressions for active and reactive power in (12), 
present constant components, (pc(s) and qc(s)), which are 
determined by the source voltages and line impedance, as well 
as dynamic controllable dynamic terms, ΔPC(s) and ΔQC(s), 
determined by the voltages injected by the series converter. 

{
𝑃(𝑠) = 𝑝𝑐(𝑠) + ∆𝑃𝐶(𝑠)

𝑄(𝑠) = 𝑞𝑐(𝑠) + ∆𝑄𝐶(𝑠)
 (13)  

As indicated in (13), the terms pc(s) and qc(s), and the ΔPC(s) 
and ΔQC(s) are defined in (14) and (15), respectively. 

[
𝑝𝑐(𝑠)
𝑞𝑐(𝑠)

] = 𝑉𝑆𝑑(𝑠)
[
𝑠𝐿+𝑅 −𝜔𝐿
𝜔𝐿 𝑠𝐿+𝑅

]

(𝑠𝐿+𝑅)2+(𝜔𝐿)2
[
𝑉𝑆𝑑(𝑠) − 𝑉𝑅𝑑(𝑠)

𝑉𝑅𝑑(𝑠)
] (14)  

[
∆𝑃𝐶(𝑠)
∆𝑄𝐶(𝑠)

] = 𝑉𝑆𝑑(𝑠)
[
𝑠𝐿+𝑅 𝜔𝐿
𝜔𝐿 −(𝑠𝐿+𝑅)]

(𝑠𝐿+𝑅)2+(𝜔𝐿)2
[
𝑉𝐶𝑑(𝑠)
𝑉𝐶𝑝(𝑠)

] (15)  

To enable fast control response, the multi-input multi-output 
(MIMO) system can be decoupled by analytically solving the 
model in (15) for VCd and VCq, yielding the inverse dynamic 
model presented in (16). This formulation reveals that the 
control inputs VCd and VCq are explicitly dependent on the power 
reference dynamic components. 

[
𝑉𝐶𝑑(𝑠)
𝑉𝐶𝑞(𝑠)

] =
1

𝑉𝑆𝑑(𝑠)
[
𝑠𝐿 + 𝑅 𝜔𝐿

𝜔𝐿 −(𝑠𝐿 + 𝑅)
] [

∆𝑃𝐶(𝑠)
∆𝑄𝐶(𝑠)

] (16)  

To ensure linear decoupling and zero steady-state error in the 
closed-loop control of ΔP and ΔQ, a first-order decoupled 
dynamic response with a defined time constant is adopted, as 
proposed in [10], [14]. 
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[
∆𝑃𝐶(𝑠)
∆𝑄𝐶(𝑠)

] =
1

𝑠𝑇𝑝+1
[
∆𝑃𝐶𝑟𝑒𝑓(𝑠)

∆𝑄𝐶𝑟𝑒𝑓(𝑠)
] (17)  

Equations for ΔPC(s), ΔQC(s) are derived directly from (17). 

[
∆𝑃𝐶(𝑠)
∆𝑄𝐶(𝑠)

] =
1

𝑠𝑇𝑝
[
∆𝑃𝐶𝑟𝑒𝑓(𝑠) − ∆𝑃𝐶(𝑠)

∆𝑄𝐶𝑟𝑒𝑓(𝑠) − ∆𝑄𝐶(𝑠)
] (18)  

Next, the expressions for ΔPC(s) and ΔQC(s) obtained from 
(18), are substituted into the inverse dynamic model in (16) to 
derive the controllers for ΔP and ΔQ. The resulting control 
variables are defined as follows: 


+
−


+

−

+

+

+





Dual Series
 

Converter

 and
 

UPFC
 

Transmission
 

 System

Power Controller
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u
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S11

S23

 
Fig. 4. Block diagram of the decoupled control system for series converter. 

[
𝑉𝐶𝑑(𝑠)
𝑉𝐶𝑞(𝑠)

] =
1

𝑉𝑆𝑑(𝑠)
[

𝑠𝐿+𝑅

𝑠𝑇𝑝

𝜔𝐿

𝑠𝑇𝑝

𝜔𝐿

𝑠𝑇𝑝
−

𝑠𝐿+𝑅

𝑠𝑇𝑝

] [
∆𝑃𝐶𝑟𝑒𝑓(𝑠) − ∆𝑃𝐶(𝑠)

∆𝑄𝐶𝑟𝑒𝑓(𝑠) − ∆𝑄𝐶(𝑠)
] (19)  

Based on this formulation, the decoupled control system is 
shown in Fig. 4. The power control structure consists of two 
proportional–integral (PI) loop compensators and two integral 
cross-coupling compensators, which together enable 
independent linear control of active and reactive powers, by 
enforcing the VCd and VCq voltages components, using a PWM 
modulator. These reference voltages are then transformed into a 
αβ stationary reference frame and applied to the series converter 
through space vector PWM modulator. 

B. Design of a Space Vector Controller for the Series 

Converter 

To control the series dual inverter, a fast and robust voltage 
regulation strategy based on the sliding mode control (SMC) 
technique is implemented. Given that the converter switches are 
operated through the αβ vectorial modulation scheme, two 
separate control laws are employed. Thus, by applying the 
Concordia transformation to the control variables VCd and VCq, 
and averaging VCα and VCβ over one switching period T, to 
control the output voltage in the αβ reference frame. The voltage 
tracking errors in the αβ frame are then defined as follows:  

{
𝑒𝐶𝛼 = 𝑉𝐶𝛼𝑟𝑒𝑓 − 𝑉𝐶𝛼 = 0

𝑒𝐶𝛽 = 𝑉𝐶𝛽𝑟𝑒𝑓 − 𝑉𝐶𝛽 = 0
 (20)  

Assuming first-order dynamic behavior for the controller, 
the evolution of the voltage error components can be expressed 
as: 

{
𝑒̇𝐶𝛼 =

1

𝑇
𝑒𝐶𝛼

𝑒̇𝐶𝛽 =
1

𝑇
𝑒𝐶𝛽

 (21)  

These equations can be written in compact state-space form 
as: 

𝑑

𝑑𝑡
[
𝑒𝐶𝛼

𝑒𝐶𝛽
] = [

1

𝑇
0

0
1

𝑇

] [
𝑒𝐶𝛼

𝑒𝐶𝛽
] (22)  

Substituting in (22) the error value by expression (20) and 
solving in order to VCα and VCβ. Then, rearranged and integrated 
with respect to a generalized time variable τ, resulting in: 

[
𝑉𝐶𝛼

𝑉𝐶𝛽
] = −

1

𝑇
[

𝑑𝑒𝐶𝛼

𝑑𝑡
𝑑𝑒𝐶𝛽

𝑑𝑡

] 𝑑𝜏+[
𝑉𝐶𝛼𝑟𝑒𝑓

𝑉𝐶𝛽𝑟𝑒𝑓
] (23)  

This approach represents a feedforward control strategy in 
which the output voltage is modulated based on the predictive 
integration of error dynamics. 

C. Control Strategy for the Shunt Converter 

As shown in Fig. 1, the dual shunt converter operates mostly 
in rectifier mode, supplying active power to the dual series 
converter, while keeping the common DC bus voltage at its 
reference value, VDC=VDCref. Additionally, the shunt converter is 
responsible for controlling the reactive power injected at the 
point of connection. Since the input currents exhibit faster 
dynamics compared to the slower dynamics of the DC bus 
voltage VDC the voltage regulation task can be addressed by 
controlling the reference shunt current Idref, thereby ensuring 
voltage stability. This control is achieved using a PI controller 
with proportional and integral gains, denoted by KDC and KIV, 
respectively. 

𝐼𝑑𝑟𝑒𝑓 = 𝐾𝐷𝐶(𝑉𝐷𝐶 − 𝑉𝐷𝐶𝑟𝑒𝑓) + 𝐾𝐼𝑉 ∫ (𝑉𝐷𝐶 − 𝑉𝐷𝐶𝑟𝑒𝑓)
𝑇

0
𝑑𝑡 (24)  

The reactive power control of the dual shunt converter is 
performed by regulating Iqref, defined as Iqref  = - Qref/VSd. 

The sliding surfaces used to control the state variables iα,β, 
currents, obtained from Idref and Iqref through the inverse Park 
transformation, are defined as follows [23]: 

𝑆𝛼𝛽(𝑒𝑖𝛼𝛽 , 𝑡) = 𝐾𝑖𝛼𝛽(𝑖𝛼𝛽𝑟𝑒𝑓 − 𝑖𝛼𝛽) = 0 (25)  

The convergence of the system will be ensured by the 
controller, according to a sliding mode stability condition: 

𝑆𝛼𝛽(𝑒𝑖𝛼𝛽 , 𝑡)𝑆̇𝛼𝛽(𝑒𝑖𝛼𝛽 , 𝑡) < 0 (26)  

Fig. 5 shows the block diagram of the control system for the 
dual shunt inverters. 

PI
To the Dual 

Shunt 

Converters 

S11+

−VDCref

DIqref

DIdref

ab

dq

VDC

Sliding 

Mode Vector

Modulator
S23

 
Fig. 5. Block diagram of the control system for the dual shunt converters. 

The DC voltage balance of the dual converters will be 
achieved by using redundant voltage space vectors. To 
implement this strategy, a vector modulator operating in the αβ 
reference frame is employed, as also depicted in Fig. 6. 
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IV. SIMULATION RESULTS 

To assess the performance of the proposed decoupled power 
controller applied to the UPFC configuration, a network model, 
configured with the parameters shown in Fig. 6, was utilized. 
The power generation units are represented by three-phase 
synchronous machines equipped with exciters and driven by 
hydraulic or wind turbines. These machines include governors, 
power system stabilizers, and output transformers. All 
components are modeled using the MATLAB/Simulink 
SymPowerSystems toolbox. The dual inverter model was before 
tested through a laboratory prototype, as in [26]. 

UPFC

2xT1
2xT2

L2(400kV)

2xL1(220kV)SnT1=450MVA

RL1=6.1Ω 

RL2=2.56Ω 

XL1=33.83Ω 

XL2=27.04Ω 

RT1=0.18%

XT1=11.75%

SnT2=450MVA
RT1=0.18%

XT1=11.75%

Sn1=1000MVA Sn2=10MVA

PD3=640MW

QD3=160MVAr

PD4=160MW

QD4=40MVAr

 

Fig. 6. Network model and parameters used for performance evaluation. 

The selected test configuration for the transmission network 
includes a 220 kV subsystem operating in parallel with a 400 kV 
subsystem. To assess the proposed controllers, several tests were 
carried out using detailed simulation models implemented in 
MATLAB/Simulink. The simulation scenarios were designed to 
assess the controllers under both steady-state and dynamic 
conditions, based on transitions in active (P) and reactive (Q) 
power references. 

The following figures present switching simulation results 
under steady-state conditions. Fig. 7 shows simulated P and Q 
power flows using the proposed dual-inverter configuration with 
decoupled direct power controllers. As shown, the controller 
effectively tracks the power references, with Pref = 240MW and 
Qref = 80MVAr. Fig. 8 depicts the corresponding output AC 
currents at the low-voltage side of the dual series converters, 
while Fig. 9 shows the capacitor voltages under the same 
operating conditions. The simulation results confirm that the 
obtained P and Q power follow the defined references. 
Additionally, the line currents exhibit a sinusoidal shape, and the 
proposed voltage balancing strategy for the DC-link capacitors 
demonstrates satisfactory performance. 

 

Fig. 7. Active and reactive power flow in the transmission line. 

Figs. 10 to 12 present simulation results used to evaluate 
several system dynamic responses under P and Q power 
reference transitions. Namely, Fig. 10 illustrates the step 
response of the P and Q powers in the dual series converters 

operating as a UPFC controller, subject to reference changes of 
ΔPref = 100 MW and ΔQref = 50 MVAr. The step changes in Pref 
and Qref occur at t = 0.5s and AC currents at the low-voltage side 
of the dual series converters, while Fig. 12 presents the capacitor 
voltages under the same operating conditions. 

 
Fig. 8. Waveforms of the output currents AC in the low voltage of the series 

converters. 

 
Fig. 9. Waveforms of the capacitors voltages (VC1 and VC2) 

For both power transitions, the tracking performance is 
nearly ideal, with negligible cross-coupling between the active 
and reactive power, as each is independently regulated. 
However, changes in either the active or reactive power 
setpoints cause the dual series converters, operating as a UPFC, 
to function with a leading power factor, which results in 
increased ripple content. Also, the line currents remain close to 
sinusoidal for both P and Q power transitions. The capacitor 
voltage equalization is also maintained, even under transient 
operating conditions. 

 
Fig. 10. Active and reactive power response for an P and Q step 

(ΔPref=100MW and ΔQref=50MVAr) respectively in t=0.5s and t=0.9s 

 
Fig. 11. AC output currents in the low voltage of the series converters for a 

ΔPref=100MW and ΔQref=50MVAr) respectively in t=0.5s and t=0.9s. 

292

2025 14th International Conference on Renewable Energy Research and Applications October 27-30,Vienna/AUSTRIA

ICRERA 2025Authorized licensed use limited to: b-on: Instituto Politecnico de Lisboa. Downloaded on September 23,2026 at 15:02:16 UTC from IEEE Xplore.  Restrictions apply. 



 
Fig. 12. Waveforms of the capacitors voltages for a ΔPref=100MW and 

ΔQref=50MVAr, respectively in t=0.5s and t=0.9s). 

V. CONCLUSION 

This paper has presented a novel control approach for a 
UPFC based on dual-inverter multilevel converter topologies. 
The dual converters are controlled through a sliding mode vector 
modulator combined with direct power controllers, which are 
driven by decoupled PI compensators. A dynamic model of the 
dual-inverter-based UPFC is developed and applied to derive 
decoupled direct active and reactive power controllers, enabling 
effective control of active and reactive power flow. 

The proposed method enables precise and independent 
control of active and reactive power by employing decoupled 
direct power controllers. Simulation results confirm the 
effectiveness of the strategy, the power flow control, decoupled 
dynamic behavior, and zero steady-state error. These results 
validate the suitability of the proposed control scheme for UPFC 
applications based on dual-inverter structures. 
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