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ABSTRACT: This paper presents state space vector analysis for three-phase matrix converter (MC) operating as
unified power flow controllers (UPFCs). It allows direct ac/ac power conversion without dc energy storage links;
therefore, it reduces volume, cost, and capacitor power losses, together with higher reliability. The line active and
reactive power, together with ac supply reactive power, can be directly controlled by selecting an appropriate matrix
converter switching state guaranteeing good steady-state and dynamic responses. This advanced control of MC
guarantee faster responses without overshoot and no steady- state error, presenting no cross-coupling in dynamic and
steady-state responses. Simulations are carried out, showing the effectiveness of the proposed method in steady-state
and transient conditions.

KEYWORDS: Direct power control (DPC), matrix converter (MC), unified power flow controller (UPFC), state space
vectors.

I. INTRODUCTION

In the last few years Flexible AC Transmission Systems (FACTS) became well known power electronics based
equipment to control transmission lines power flow. UPFCs are the most versatile and complex FACTS allowing
precise and reliable control of both active and reactive power flow over the network. UPFC can prevail over line
impedance dependencies, sending and receiving end voltage amplitudes and phase differences. The original UPFC
concept, introduced in the nineties by L. Gyugyi[l], consists of two AC-DC converters using Gate- Turn Off
thyristors(GTO), back to back connected through their common DC link using large high-voltage DC storage
capacitors. Both converters AC sides are connected to the transmission line, through coupling transformers, in shunt
and series connection with the line [2]-[8].

This arrangement can be operated as an ideal reversible AC-AC switching power converter, in which the power can
flow in either direction between the AC terminals of the two converters. The DC link capacitors provide some energy
storage capability to the back to back converters that help the power flow control Replacing the two three-phase
inverters by one matrix converter the DC link(bulk) capacitors are eliminated, reducing costs, size, maintenance,
increasing reliability and lifetime. The AC-AC matrix converter, also known as all silicon converters, processes the
energy directly without large energy storage needs. This leads to an increase of the matrix converter control
complexity. In [9] an UPFC-connected power transmission network model was proposed with matrix converters and in
[10]- [12] was used to synthesize both active (P) and reactive (Q) power controllers using a modified venturini high-
frequency PWM modulator[11].

In the last few years direct power control techniques have been used in many power applications, due to their simplicity
and good performance [14]-[17]. In this paper a Matrix Converter based UPFC-connected power transmission network
model is proposed, using a Direct Power Control approach (DPC-MC). This control method is based on sliding mode
control techniques [20]-[22] and allows real time selection of adequate state-space vectors to control input and output
variables [7]. Transmission line active and reactive power flow can be directly controlled using this approach and the
dynamic and steady state behavior of the proposed P, Q control method is evaluated and discussed using detailed
simulations. Results shows decoupled active and reactive power control, zero error tracking and fast response times.
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Il. MODELLING OF THE UPFC POWER SYSTEM

A. GENERAL ARCHITECTURE
A simplified power transmission network using the proposed matrix converter UPFC is presented in Fig. 1, where Vs
and VR are, respectively, the sending-end and receiving-end sinusoidal voltages of the Zs and Zg generators feeding
load Z.. The matrix converter is connected to transmission line 2, represented as a series inductance with series
resistance (L, and Ry), through coupling transformers T, and T».

G Ry Ly

UPFC
Gs S Tz |Re L%|
Matrix
Converter
T,

Fig.1.Transmission network with matrix converter UPFC

|.

Fig. 2 shows the simplified three-phase equivalent circuit of the matrix UPFC transmission system model. For system
modeling, the power sources and the coupling transformers are all considered ideal. Also, the matrix converter is
considered ideal and represented as a controllable voltage source, with amplitude V¢ and phase p. In the equivalent
circuit, Vo is the load bus voltage. The DPC-MC controller will treat the simplified elements as disturbances.
Considering a symmetrical and balanced three-phase system and applying Kirchhoff laws to the three-phase equivalent
circuit (Fig. 2), the ac line currents are obtained in dq coordinates as (1) and (2) equations

7 7 7
Vs Ver L ROI
-— R; L,
147 7
7 - R02
- Rz Lz
V2 _
Vs3 & _I.i, VR03E
- Rz L2
Vi3
Fig.2.Three phase equivalent circuit of the matrix UPFC and transmission line
di R 1
d_fZ MIQ—L_:Id +E{VLE| —Vﬂﬁ,dj (1)
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The active and reactive power of sending end generator are given in dq coordinates
ol=le =]l

= 3
[Q L —Vy IIT ®)
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Assuming Vrog and Vsy = Vy as constants and a rotating reference frame synchronised to the Vs source so that Vsq = 0,
active and reactive power P and Q are given by (4) and (5), respectively.

P=Vyqls 4)
Q=-Val, (5)

Based on the desired active and reactive power (P, Qper), reference current (g, lqer) can be calculated from (4) and (5)
for current controllers. However, allowing P, Q actual powers are sensitive to errors in the Vq,V, values.

B. MATRIX CONVERTER OUTPUT VOLTAGE AND INPUT CURRENT VECTORS

A diagram of UPFC system (Fig.3) includes the three-phase shunt input transformer (with windings T,, Ty, T), the
three-phase series output transformer (with windings Ta, Tg, Tc), and the three-phase matrix converter, represented as
an array of nine bidirectional switches Sy; with turn-on and turn-off capability, allowing the connection of each one of
three output phases directly to any one of the three input phases. The three-phase (ICr) input filter is required to re-
establish a voltage-source boundary to the matrix converter, enabling smooth input currents.

Applying coordinates to the input filter state variables presented in Fig.3 and neglecting the effects of the
damping resistors, the following equations are obtained.

=) ==
\ UPREE (P i

f ] D

A Flle )4 4] g4
}}_“’\m ~ (s P Ts
EH| i

di L S A

— =iy, — — L + -1

T TR VTR

_dt tid ETRL 2*\5{ d ] >
dvga . 1 1 L. L.

de m}'? _:x-'icLi‘i'-l_ElLd_;Ld+:«.-'Ecl'4' (6)
al’ 1 1 1

Where Vig, Vig, iig, iiq represent, respectively, input voltages and input currents in dgq components (at the
shunt transformer secondary) and Vy, V,, iy, iq are the matrix converter voltages and input currents in components,
respectively.
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Assuming ideal semiconductors, each matrix converter bidirectional switch can assume two possible states: “S=1"
if the switch is closed or “S,=0" if the switch is open. The nine matrix converter switches can be represented as

Sy Sz Fua
5= 5:1 5:: 5:! (7)
a1 Saz Jaz

The matrix converter topological constraints imply®3_, 5, = 1.
Based on (7), the relationship between load and input voltages can be expressed as

[va vs v ]" =8 vy w]” (8)
The input phase current can be related to the output phase currents (9), using the transpose of matrix S
lia i iF =57l iz icl” ©)

From the 27 possible switching patterns, time-variant vectors can be obtained (Table:l) representing the matrix output
voltages and input currents in aff frame [fig 4(b)].
The active and reactive power DPC-MC will select one of these 27 vectors at any given time instant.

111. DIRECT POWER CONTROL OF MC-UPFC
A LINE ACTIVE AND REACTIVE POWER SLIDING SURFACES

The DPC controllers for line power flow are here derived based on the sliding mode control theory.

From Fig.2, in steady state, Vg is imposed by source Vs. From (1) and (2),the transmission-line current can be
considered as state variables with first-order dynamics dependent on the sources and time constant of impedance L,/R;
. Therefore, transmission-line active and reactive powers present first-order dynamics and have a strong relative degree
of one [18], since from the control view point; its first time derivative already contains the control variable [19]-[22].
From the sliding mode control theory, robust sliding surfaces to control the P and Q variables with a relatively strong
degree of one can be obtain, considering proportionality to a linear combination of the errors of the state variables.
Therefore define the active power error ep and the reactive power eq as the difference between the power references
Prer, Qrer and the actual transmitted powers P,Q respectively

-P (10)

=

'D

= Pre,r'
8 = Qrey — @ (11)

Then the sliding surfaces Sp(ep,t) and Sg(eo,t) must be proportional to these errors, being zero after reaching sliding
mode

Salent) = ka(Poy — P) (12)

Soleg.t) =kg(0rer — ) (13)

The proportionality gains kp and kq are chosen to impose appropriate switching frequencies.
B. LINE ACTIVE AND REACTIVE POWER DIRECT SWITCHING LAWS

Based on errors ep and eq to select in real time the matrix converter switching states. To guarantee stability for active
power and reactive power controllers the sliding mode stability conditions (14) and (15) must be verified.
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S5plen. )55 ep. ) <0 (14)
SQ{EQ, t}.fq{gq, t} =0 (15)
These conditions mean that if $z{ez. £)>0, then the 5z (ez. tJ value must be decreased, meaning that its time derivative

should be negative( s (g, t) < 0). Similarly if Sz(eg. t) <0, thenszleq. t) = 0.
According to (12) and (14), the criteria to choose the matrix vector should be:

1) Seleg, t)>0 = Spleq,t) <0 = P<Py,
Then choose a vector suitable to increase P.
2) 5:lep, t)<0 2 5plep. £1>0 & P>Py,

Then choose a vector suitable to decrease P.

3. If5ales.t) =0

Then choose a vector which does not

significantly change the active power. (16)

The same can be applied to reactive power error.

a) To choose a vector from (4) and (12), and considering Pys and Vyin steady state, the following can be written:

Sp(ep.t) =Ky {EF”J’_E) _ g

= dt dt £ odt
= -k, Hete g 42 17)
LT LAl

o ADWAHAH FOFOEDIO W WO UDWD
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>: 5 e \\\ l"-/’*vic
;;'; / . AN ¢ 3->
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Fig.4. (a) Input voltages and their corresponding sector. (b)Output voltage state Space vectors when the input voltages a
relocated at sector Vil
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SWITCHING COMBINATIONS AND OUTPUT \T/éELSIficlsEllNPUT CURRENT STATE-SPACE VECTORS
Group Name A B C v,p Vpeo Veu I iy i, v, 4, 1 M
lg a b Vab Ve Ve B4 ip I Vi 5 V3i, H,
2g a ¢ b Vg Vie Ve iy ic ig -V, -0, +4rx/3 \/gia —u,
I g b a ¢ —Vgy Vo Vb g iy ic —-v; J; \/gio —ft, +27/3
4g b c Vee Ve Va dc  ig p v, Si+4r/3  [3 Ho +27[3
5g c a b Vg, Vu oV ig ic iy v, 0, +2x/3 ﬁio U, +47/3
6g ¢ b a Ve Va Ve ¢ ip iy —V; =0, +27/3 V3i, —H, +4r/3
+1 a b b vy 0 Vap Iy —iy 0 2/3Vab 0 ‘/EiA -7/ 6
-1 b aa Vg 0 Vb —iy i 0 _\/2/_3Vab 0 —\/EiA —z/6
2 bococ Ve 0 Ve 0 Qg iy 23w, 0 V2, 7/2
2 ¢ b b Ve 0 e 0 -y iy — 23y, 0 —2i, 7/2
B ocoaa Vg 0 Ve iy 0 iy 23, 0 V2i, 17/6
3 a2 c o Ve 0 v ig 0 —ig —\23v, 0 —2i, 1%/6
4 b ab Vo Ve 0 iy -y 0 J23v, 21/3 V2ip -7/6
4 aboa vy Vo 0 iy iz 0 —Bv, 27/3 —~2i, -7/6
I 5 ¢ b ¢ Ve v O 0 is =g \2f3vp 27/3 2i, /2
S5 boeb Ve Ve 0 0 -y iy 23, 271/3 —2iy 7/2
6 a c a Ve Vo, 0 —ig 0 ip 2/3v,, 27/3 2i, 17/6
6 ¢ oac Vg Va 0 g 0 iy 2By, 27/3 —2i, 77/6
7 b ba 0 Va Ve ic —ic 0 23w, ar/3 V2 /6
7 aab 0 Va Ve -ic ic 0 -Bv, 4/3 —\R2i, —7/6
8 coecb 0 Ve we 0 Qe —ic  \2Bv,  4n/3 V2ic z/2
8 b boc 0 v Ve 0 - ic —\2f3v,  41/3 —2i, 7/2
49 aac 0 Ve v, —ic 0 i 23v,,  4n/3 V2ic /6
9 ccoa 0 vy Va ic 0 —ic -3, 41/3 -\2i, 17/6
Z, a a a 0 0 0 0 - 0 -
I z, b b 0 0 0 0 - 0 -
Z. c c ¢ 0 0 0 0 - 0 -
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Considering Vg and Py as constant if 5zlez.£) = 0, then it must be Sz{ez.£) = 0 .From (16) if KpVy is positive,
then dlz/dt = {0, meaning that P must increase.
From the equivalent model in dg coordinates in (1) if the chosen vector has Vi ¢>Vre—oljlo+Rolg then
dl;/dt = 0 the selected vector being suitable to increase the active power.
b)  Similarly from (5) and (13) with reactive power Qs and Vy in steady state

Soleg.t) =Ko (B -2} = g, &

dr | dr £ odt
di-var,) , dig
= —KQ—“ = KQ 4 (18)

If Sq{eq, t} > 0, then S’Q{eq, t} =0 which still implies dQ/dt>0, meaning that Q must increase. From (18) dlg/dt must be
negative from the equivalent model in dq coordinates in (2) to ensure the reaching condition, the chosen vector has
V1 q<Vroqtolgla+Ryl, to guarantee diy/dt<0, meaning the voltage vector has g component suitable to increase the reactive power.

To ease vector selection (Table 1), sliding surfaces 5z (e, £} and SE\.{EQ, t) should be transformed to af coordinates 5, (ez. ).

5'9 {EQ, t}

To design the DPC control system, the six vectors of group | will not be used, since they require extra algorithms to calculate their
time-varying phase [13]. From group II, the variable amplitude vectors, only the 12 highest amplitude voltage vectors are certain to
be able to guarantee the previously discussed required levels of V4 and V4 needed to fulfill the reaching conditions. The lowest
amplitude voltages vectors, or the three null vectors of group 111, could be used for near zero errors.

If the control errors ep and eq are quantized using two hysteresis comparators, each with three levels (-1, 0 and +1), nine output
voltage error combinations are obtained. If a two-level comparator is used to control the shunt reactive power, as discussed in next
subsection, 18 error combinations(9x2=18) will be defined, enabling the selection of 18 vectors. Since the three zero vectors have a
minor influence on the shunt reactive power control, selecting one out 18 vectors is adequate.

As an example, consider the case of C,= Sc{e_—,, t} = Dand Cp= 55 {gq, t} = (0. Then, dP/dt>0 and dQ/dt<0 imply that dl,/dt>0
and dl,/dt<0. According to Table I, output voltage vectors depend on the input voltages (sending voltage), so to choose the adequate
output voltage vector, it is necessary to know the input voltages location [Fig. 4(a)]. Suppose now that the input voltages are in
sector Vil [Fig. 4(b)], then the vector to be applied should be +9 or -7. The final choice between these two depends on the matrix
reactive power controller result Cq;, discussed in the next subsection.

TABLE Il
STATE-SPACE VECTORS SELECTION FOR DIFFERENT ERROR COMBINATIONS

Sector
Ca CB
-1+ -9; 47 9; 48 +8; -7 7349 +9; -8 -8 +7
-1 0 +3;-1 +3;2 2,41 +1;-3 342 +2; -1
-1 -1 -6; +4 -0; +5 +5; -4 -4, +6 +6; -5 -5;+4
0 +1| -9+47;+6;-4 -9; +8; +6; -5 +8; -7, -5; +4 -7, 49; +4; -6 +9; -8; -6; +5 -8; 47, +5; -4
0 0 Za; 7b; Zc; Za; 7b; Zc; Za; 7b; Zc; Za; Zb; Zc; Za; 7b; Zc; Za; Zb; Zc;

842-5,48,-2,15 TALA AT M 49,346,9,43,-6 82504852045 ST LA ATt 29,4356, 49,346
0 -1| -6;+4+9;-7 +5; -6; -8; 19 +5; -4; -8; +7 -4; +6; 7, -9 +6; -5; -9; 48 -5; +4; +8; -7

+1  +1 +6; -4 +6; -5 -5;+4 +4: -6 -6;45 +5; -4
+1 0 3541 +2;-3 -1; 2 +3; -1 2;43 +;-2
+1 -1 +9; -7 +9; -8 +7; -8 +7:-9 9: 48 +8; -7
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Fig.5. (a) Output currents and their corresponding sector. (b)Input current state-space vectors, when output currents a
relocated at sector 101.The dq axis is represented, considering that the input voltages are located in zone V;1.
Using the same reasoning for the remaining eight active and reactive power error combinations and generalizing it for
all other input voltage sectors, Table Il is obtained. These P, Q controllers were designed based on control laws not
dependent on system parameters, but only on the errors of the controlled output to ensure robustness to parameter

variations or operating conditions and allow system order reduction, minimizing response times [26].

C. DIRECT CONTROL OF MATRIX CONVERTERS INPUT REACTIVE POWER

In addition, the matrix converter UPFC can be controlled to ensure a minimum or a certain desired reactive power at
the matrix converter input. Similar to the previous considerations, since the voltage source input filter (Fig. 3) dynamics
(6) has a strong relative degree of two [25], then a suitable sliding surface Sqi(eqi,t) (19) will be a linear combination of
the desired reactive power error eqi=Qir+Qi and its first-order time derivative [29]

Seilegit) = (Qirer — Qi) + kg i{'?irej - Q) (19)

The time derivative can be approximated by a discrete time difference, as kqi has been chosen to obtain a suitable
switching frequency, since as stated before, this sliding surface needs to be quantized only in two levels (-1 and +1)
using one hysteresis comparator.

To fulfill a stability condition similar to (15), considering the input filter dynamics (6), (20) is obtained

: L (dig dti;,
5:3[{9:;[:*} = Ve (E +KQ[F
r ; L L r Z; r r r lig ig
= 1.-“-‘1 (_m:[d +E 4 —Elqu) + L[dKQ[ (—E;:." :I:li' +%1"d +%1’q‘ _%Lid — ;-I—;) (20)

From (20), it is seen that the control input, the iy matrix input current, must have enough amplitude to impose the sign
of S'm{em, t} Supposing that there is enough iq amplitude, (19) and (20) are used to establish the criteria (21) to choose
the adequate matrix input current vector that

imposes the needed sign of the matrix input-phase current i related to the output-phase currents by (9).

1) 5@[{9:;[: t)>0 = S'QL[QQL-, t) < 0, then choose a vector with current i, <0 to increase Q;.

2) 5 ilegi. £)<0 = 57, (e, £)>0 then choose a vector with current iq <0 to increase Q. (1)
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The sliding mode is reached when vectors applied to the converter have the necessary iy current amplitude to satisfy
stability conditions, such as (15). Therefore, to choose the most adequate vector in the chosen dq reference frame, it is
necessary to know the output currents location since the iy input current depends on the output currents (Table ).
Considering that the dg—axis location is synchronous with the v;, input voltage (i.e., dq reference frame depends on the
Vi, input voltage location), the sign of the matrix reactive power Q; can be determined by knowing the location of the
input voltages and the location of the output currents (Fig. 5).

Considering the previous example, with the input voltage at sector Vi1 and sliding surfaces signals S,(ep,t)>0 and
Sp(eo,t)<0, both vectors +9 or -7 would be suitable to control the line active and reactive powers errors (Fig. 4).
However, at sector 1,1, these vectors have a different effect on the S'm{gm-, t) value: if i, has suitable amplitude, vector
+9 leads to 5, (ey;. t) = 0 while vector -7 originates 5y, (e, £) = 0. So, vector +9 should be chosen if the input
reactive power sliding surface 5;(eg; t) is quantized as Co=-1, while vector -7 should be chosen when Sy (eg; t) is
quantized as Cq; =+1.

When the active and reactive power errors are quantized as zero, S,(ep,t)=0 and Sg(eq,t)=0, the null vectors of group III,
or the lowest amplitude voltages vectors at sector V;1(-8,+2,-5,+8,-2,+5) at Fig. 4(b) could be used. These vectors do
not produce significant effects on the line active and reactive power values, but the lowest amplitude voltage vectors
have a high influence on the control of matrix reactive power. From Fig. 5(b), only the highest amplitude current
vectors of sector I,1 should be chosen: vector +2 if 5;{ey; t) is quantized as Cqi=-1, or vector -2 if S;(ey; t) is
quantized as Cqi=+1.

TABLE Il
STATE SPACE VECTOR SELECTION FOR INPUT VOLTAGES LOCATED AT SECTOR V;1
Sector
C C 12 ;1,0 I2;1,3 Id; 1,5 161,77 18;1,9 1,10;1)11
o B

+41 -1 +41 -1 +1 -1 +1 -1 +1 -1 +1 -1
-1 +1/19 +7 9 +7 9 +7 +7 9 +7 9 +7 9
-1 0|3 -1 +3 -1 -1 43 -1 +3 -1 43 +3 -1
-1 -1 -6 +4 +4 -6 +4 -6 +4 -6 -6 +4 -6 +4

0O +1|-9 +7 9 +7 9 +7 +7 9 +7 9 +7 9
0 0| 2 +2 +8 -8 -5 +5 +2 -2 -8 +8 +5 -5
0 -1| -7 +9 -7 +9 -7 +9 +9 -7 +9 -7 +9 -7
+1 +1| -4 +6  +6 -4 +6 -4 +6 -4 -4 +6 -4 +6
+1 0l +1 -3 +1 -3 -3 +1 -3 +1 -3 +1 +1 -3
+1 -1 -7 +9 -7 +9 -7 +9 +9 -7 +9 -7 +9 -7
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Fig. 6. Control scheme of direct power control of the three-phase matrix converter operating as a UPFC.

Using the same reasoning for the remaining eight combinations at sector V;1 and applying it for the other output current
sectors, Table 11 is obtained.

IV. IMPLEMENTATION OF THE DPC-MC AS UPFC

As shown in the block diagram (Fig. 6), the control of the instantaneous active and reactive powers requires the
measurement of Gg voltages and output currents necessary to calculate Sy(ep,t) and Sg(eg,t) sliding surfaces. The output
currents measurement is also used to determine the location of the input currents g component.

The control of the matrix converter input reactive power requires the input currents measurement to calculatesm{em_ ).
At each time instant, the most suitable matrix vector is chosen upon the discrete values of the sliding surfaces, using
tables derived from Tables 11 and 111 for all voltage sectors.

V. SIMULATION RESULTS

The performance of the proposed direct control system was evaluated with a detailed simulation model using the
MATLAB to represent the matrix converter, transformers, sources and transmission lines, and Simulink blocks to
simulate the control system. Ideal switches were considered to simulate matrix converter semiconductors minimizing
simulation times.

The second-order input filter is I= 4.2 mH, C= 6.6 pF, r=25Q. The load power is 1.5kW(1 p.u.) and transmission lines 1
and 2 are simulated as inductances L;=12mH, L,=15 mH, and series resistances R;=R,=0.2Q, respectively for line 1
and 2. Sliding mode DPC gains are kp=ko=kqi=1.
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Fig.7. Transmission network with matrix converter — UPFC

Fig.7. shows the simulation diagram of transmission matrix converter as UPFC using DPC method.
The simulation is operated for the step responses of active and reactive power references. For the simulation

pawCF T crea Subsyztem

Fig.8. Control scheme of matrix converter as UPFC using space vector selection table
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Fig.9. State space vector selection
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Fig.10. Active and reactive series power response and reactive shunt power, for P and Q steps (AP =+0.4p.u.and
AQre=+0.2p.u.)

Fig.10 shows the simulation results of the active and reactive power with step response (AP, =+0.4p.u.and
AQr=+0.2p.u.). Considering initial reference values: P=0.4p.u. Qs =0.2p.u., and Qj=-0.07p.u. Both results clearly
show that there is no cross-coupling between active and reactive power.

DPC controller ability to operate at lower switching frequencies, the DPC gains were lowered and the input filter
parameters were changed accordingly (r=25Q, 1=59mH and C=12.6uF) to Ilower the switching
frequencytonearlyl.4kHz. The results (Fig.10) also show fast response without cross coupling between active and
reactive power. This confirms the DPC-MC robustness to input filter parameter variation, the ability to operate at low
switching frequencies, and insensitivity to Switching nonlinearity.

Fig.11. shows the simulation results of line currents for active and reactive power step changes and also it showing the
claimed DPC faster response to step active and reactive power reference change.

Fig.11. Line currents for a P and Q step change
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Fig.12. Line currents (ia,ig, ic) and input matrix converter currents(ia, i, ic) pu.

The results of Fig.12. Show line and input matrix converter currents in steady state, for APy=0.4 p.u.i.e. P=0.8p.u.,
and Qre=0.4p.u., AQr=0.2p.u., and Qj=-0.07p.u.Currents are almost sinusoidal with small ripple content.

VI. CONCLUSION

This paper derived advanced non linear direct power controllers, for matrix converters connected to power transmission
lines as UPFCs. Presented simulation results show that active and reactive flow will be advantageously controlled by
using the proposed DPC. Results show no steady-state errors, no cross coupling, insensitivity to non-modeled dynamics
and fast response times, thus confirming the expected performance of the presented nonlinear DPC methodology.
Despite showing a suitable dynamic response, the PI performance is inferior when compared to DPC. Furthermore, the
Pl controllers and modulator take longer times to compute. Obtained results show that DPC is a strong non linear
control candidate for line active and reactive power flow.
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