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Abstract—In this work, a Model Based Adaptive Direct
Power Control (MB-ADPC) with constant switching frequency
for Three-Phase Three-Level Neutral Point Clamped (3L-NPC)
converters is proposed. The rectifier and inverter operation mode
are used to illustrate the flexibility of the proposed MB-ADPC
controller. The control design process is based on the continuous
averaged model of the system. Depending on the operation mode
different control objectives have to be guaranteed. The proposed
controller ensures the voltage regulation of the dc-link capacitors
for the rectifier operation mode and to achieve voltage balance in
the dc-link capacitors and the active and reactive power tracking
for the rectifier and inverter operation modes. In addition, adap-
tive techniques are used to avoid system parameters uncertainties
as smoothing inductors and grid frequency values. This work
shows that the application of advanced control strategies based
on the system model allows enhancing the performance of the
overall system. The details of the controllers design process and
the experimental results using a 50 kVA Three-Phase Three-
Level NPC prototype are presented in this paper validating the
proposed controllers.

Index Terms—Power Electronics Converters, Power Conver-
sion, AC-DC Power Converters, DC-AC Power Converters,
Multilevel Converters, Neutral Point Clamped Converter, Power
Control, Model Based Adaptive Direct Power Control, Digital
Control, Digital Signal Processors, Pulse Width Modulation
Converters, Space Vector PWM

I. INTRODUCTION

C
ONTINUOUS increasing of power ratings in medium

and high voltage applications has stimulated the use

of multilevel power electronic converters, resulting in the

development of new topologies and their associated control

strategies. Neutral Point Converter (NPC) is one of the most

used multilevel power electronic converter topologies [1]–[6].

Several control strategies have been proposed for this

topology working as a synchronous rectifier or as a grid

interface converter. These strategies usually are extensions

from the two-level converter controllers but adding the spe-

cific particularities of the multilevel systems as the dc-link

capacitor voltage balance problem. The control strategies can
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be distinguished between the current based controllers [7]–[10]

and the direct power controllers [11]–[25].

Direct Power Control (DPC) is a well known efficient

control strategy for electronic power converters where the

instantaneous reactive power theory introduced by Akagi et

al is used [26]. This strategy is based on the evaluation of

the active and reactive instantaneous power errors values and

the voltage vector position [11], [12] or on the Virtual-Flux

vector position [13], [14] without any internal control loop for

the currents. The main objective of basic DPC technique is to

choose, through a Look Up Table (LUT), the best state of

the power semiconductors among the possible states in order

to achieve instantaneous active and reactive power tracking

towards their references. The use of simple and efficient

DPC techniques in different industrial applications permits

to achieve good dynamics performance and near unity power

factor.

One drawback of DPC controllers is that it has not a

constant switching frequency. However, this fact can be solved

by using Pulse Width Modulation (PWM), Space Vector Mod-

ulation (SVM) or predictive control strategies with constant

switching frequency [16]–[23], [27], [28]. In this work, the

proposed MB-ADPC strategy is combined with an efficient

3D Space Vector Modulation (3D-SVPWM) technique for

multilevel converters introduced in [27]. The high gain of the

controller is the main drawback of basic DPC formulation

and consequently, the values of the input inductors have to be

very large to attenuate the current ripple, increasing the cost,

size and weight of the system. In order to reduce the input

inductors values, LCL filters have been proposed to connect

the power converter to the grid [24], [25]. That solution has the

drawback of the filter resonance so it has to be well studied.

The proposed strategy is implemented as an indirect control

through the SVM modulator avoiding the high gain of the

direct DPC implementations based on LUTs. This fact permits

to concentrate the harmonic spectrum around the switching

frequency, simplifying the grid connection filter design and

reducing its size, weight and economical cost.

The main contribution of this work is the design of a SVM

based MB-ADPC strategy for three-phase three-level NPC

power converters including the dc-link voltage balancing loop

controller based on a resonant filter to compensate the steady

state periodic oscillations. The controller design is based in

the converter model [29], and supported by adaptive strategies

[7] presented in previous works, improving the performance

of three-level three-phase voltage source inverters working in

direct power control mode. The MB-ADPC strategy proposed



is an extension of the controller presented in [15] for the

two-level converter. When compared with controllers based on

current loops, the proposed controller presents faster response

in transients as it is based on DPC strategies. Besides, when

compare with basic DPC formulation, the proposed controller

presents constant switching frequency, because of SVM-PWM

modulation technique is used. The controller design is based

on the averaged continuous model of the converter [29], al-

lowing to design the dc-link voltage balance loop with modern

control techniques, avoiding the use of LUTs and redundance

state space vectors as in previous works. In addition, due to the

proposed model based adaptive law that has been included in

the controller design, the behavior of the system is robust and

hence less sensitive to system parameters values uncertainties

and variations.

Due to the interest of the rectifier and inverter operation

modes [1]–[5], and to show the flexibility of the proposed

MB-ADPC controller, both operation modes are presented.

This paper is organized as follows: In section II, it is intro-

duced the mathematical model of the three-phase three-level

NPC power converter. The design process of the proposed MB-

ADPC controller is based on the continuous averaged model

of the system and it is described in the section III. Later, in

order to verify the theoretical study that has been presented

in previous sections, the proposed MB-ADPC controller is

compared to those obtained with classic current PI controllers

and the experimental results are shown in section IV beside

the details of the digital control implementation [30]. Finally,

the conclusions of the proposed work are addressed in section

V.

II. MODEL OF THE SYSTEM

Fig. 1 depicts the generic electrical scheme of a three-

phase three-level NPC converter. The converter is connected

to the grid through smoothing inductors L, and the dc-link

is composed by a two capacitors voltage divider. Table I

summarize the system variables and parameters.
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Fig. 1. General Three-Phase Three-Level NPC converter scheme with the
notation criterion used to derive the model.

A suitable dynamics model of the system can be obtained

following the procedure described in [29]. This modeling

technique consists on to obtain the exact time varying averaged

model being the resulting equations linear piece wise for NPC

topology. In order to obtain a unique set of valid equations all

TABLE I
SYSTEM VARIABLES AN PARAMETERS

Variable Description

vSabc = {vSa, vSb, vSc}
T Grid voltage vector in abc reference frame

vSαβ = {vSα, vSβ}
T Grid voltage vector in αβγ reference frame

iabc = {ia, ib, ic}
T Inductors currents in abc reference frame

iαβ = {iα, iβ}
T Inductors currents in αβγ reference frame

δabc = {δa, δb, δc}
T Averaged duty cycles in abc reference frame

δαβ = {δα, δβ}
T Averaged duty cycles in αβγ reference frame

vC1, vC2 dc-link capacitors voltages

L,C Smoothing inductor and dc-link capacitor

ω Grid voltage source frequency

over the range of control averaged signals, quadratic approx-

imations are made and finally the system can be described

with one set of equations in the natural coordinates reference

frame.

In the systems where the absence of fourth wire makes

the homopolar currents to be zero, it is usual to reduce the

system equations through a reference frame change. However,

in this modeling technique, the principal purpose of the

transformation is not to reduce the system equations but, as it

will be explained later, to make explicit the relation between

component and the dc-link voltages balancing problem.

Following the modeling strategy described in [29] and

taking into account the sign criterion shown in Fig. 1, the

inductors currents, the sum and the difference of the dc-link

voltages dynamics in abc reference frame can be expressed as

(1), (2) and (3), respectively:

L
d

dt
iabc = vSabc −

1

6





2 −1 −1
−1 2 −1
−1 −1 2











δa δ2a
δb δ2b
δc δ2c







(

x1

x2

)

(1)

Cẋ1 = δTabciabc − 2idc (2)

Cẋ2 =
(

δ2abc
)T

iabc (3)

where x1 = vC2 + vC1 and x2 = vC2 − vC1 have been intro-

duced because they are more suitable for the controller design

since they are directly related with the control objectives.

Vectors originally in abc reference frame are transformed

into αβγ reference frame using the power-invariant transfor-

mation defined by the transformation matrix in (4).

T
αβγ
abc =

√

2

3





1 −1/2 −1/2

0
√
3/2 −

√
3/2

1/
√
2 1/

√
2 1/

√
2



 (4)

Applying this transformation to equations (1), (2) and (3)

yields the equations (5), (6) and (7) which represent the system



dynamics in the αβγ reference frame.

L
d

dt
iαβ = vSαβ − 1

2
x1δαβ +

[

1
2
√
6
(δ2β − δ2α)− 1√

3
δαδγ

δαδβ√
6

− δβδγ√
3

]

x2

(5)

Cẋ1 = δTαβiαβ − 2

Rdc

x1 (6)

Cẋ2 =
2√
6

[

δ2α − δ2β ,−δαδβ
]

iαβ +
1√
6
δTαβiαβδγ (7)

Notice that in these equations subscript γ does not appear in

the current and source voltage vectors since there is not fourth

wire and the source voltage is supposed to be symmetric and

balanced. Equation (7) shows the dynamics of the difference

of the converter capacitors voltages and it can be seen that the

control signal δγ has a direct effect over the dynamics of x2.

In order to get a correct converter operation, x2 must be

near zero but can be assumed that it is at least one order of

magnitude lower than x1. In addition, the averaged duty cycles

δαβ are defined as values in [−1, 1] range so the third term

in the right hand side of the equation (5) can be assumed

to be two order of magnitude lower than the second term.

With this consideration, the inductor currents dynamics can

be approximated by (8).

L
d

dt
iαβ = vSαβ − 1

2
x1δαβ (8)

The generic converter model given by the equations (8),

(6) and (7) will be used in the next sections to design the

controllers.

III. CONTROLLER DESIGN

In general, the control objectives of the controller can be

stated as follows:

i) The instantaneous active power p and the instantaneous

reactive power q should track their references, p∗ and q∗

respectively, which are calculated in such way that the

sum of the capacitor output voltages is regulated towards

its reference.

p → p∗ (9)

q → q∗ (10)

Thus, DPC strategy controls indirectly the currents pro-

vided by the source through the values of the instanta-

neous active and reactive power.

ii) The sum of the converter capacitors voltages should be

regulated towards its reference.

x1 → x∗
1 = Vdc (11)

iii) The difference of the converter capacitors voltages should

be controlled to balance the capacitors voltages values.

x2 → x∗
2 = 0V (12)

Given the control objectives, the proposed controller for the

system (6)-(8) is composed of an instantaneous power tracking

loop, a voltage regulation loop and a voltage balance loop. In

what follows the design of the three control stages is described.

A. Instantaneous power tracking control loop

The objective of the instantaneous power tracking loop is

to guarantee tracking of p and q towards their references.

To design this control loop it is assumed that the difference

between the capacitors voltages values is small (x2 ∼ 0) so

the inductors currents dynamics can be approximated by (8).

That equation is similar to that from a conventional three-phase

two-level converter [15].

Assuming that the input AC voltages are balanced and

without harmonic content, and using the instantaneous active

(13) and reactive (14) power definition given in [26], the

instantaneous active power first derivate over the time, ṗ, and

the instantaneous reactive power first derivative over the time,

q̇, can be calculated as (15) and (16), respectively.

p =iTαβvSαβ (13)

q =iTαβJvSαβ (14)

Lṗ = |vSαβ |2 −
1

2
x1v

T
Sαβδαβ + Lωq (15)

Lq̇ =− 1

2
x1 (JvSαβ)

T
δαβ − Lωp (16)

Solving the equations (15) and (16) for the condition of ṗ and

q̇ to be zero yields (17) and (18). Those equations represent the

two straight lines in the αβ plane that define the ORS and c1
and c2 are two variables that represent the displacement over

each line. The ORS are composed by four quadrants having

each one a different sign combination for the instantaneous

active and reactive power derivative.

ORS(ṗ=0) =
2

x1

(

|vSαβ |2 + Lωq
) vSαβ

|vSαβ |2
+ c1JvSαβ

(17)

ORS(q̇=0) = − 2

x1
(Lωp)

JvSαβ

|vSαβ |2
+ c2vSαβ (18)

The lines defined by (17) and (18) are perpendicular and

intersect in the equilibrium point also known as zero equivalent

controller. This equilibrium point is given by (19).

δeqαβ =
2

x1

{

(

|vSαβ |2 + Lωq
) vSαβ

|vSαβ |2
− (Lωp)

JvSαβ

|vSαβ |2

}

(19)

Taking into account the ORS division defined by (17) and (18)

and the equilibrium point (19), the controller (20) is proposed

to solve the instantaneous power tracking problem [15].

δαβ = δeqαβ − kpp̃vSαβ − kq q̃JvSαβ (20)

p̃ = p∗ − p

q̃ = q∗ − q

The proposed controller depends on the system parameter

values through the expression for the equilibrium point (19),

to minimize the effects of the system parameters uncertainties

an adaptive law is proposed [31]. The reactance parameter, X ,

is defined as the product of the smoothing inductor and the

grid frequency values (21). It is assumed that both parameters

are unknown, and the reactance is replaced by its estimated

value X̂ . The error between the actual value of the reactance



and its estimated value is defined as (22). Taking into account

that the actual reactance is assumed to be constant or slowly

variant, the error time derivative fulfils (23).

X =ωL (21)

X̃ =X̂ −X (22)

˙̃X =
˙̂
X (23)

Replacing X by X̂ in (19) is obtained (24), which leads to the

new proposed controller (25). Introducing it in (15) and (16)

the expressions for the power errors dynamics are derived as

(26) and (27).

δ̂eqαβ =
2

x1

{

(

|vSαβ |2 + X̂q
) vSαβ

|vSαβ |2
−
(

X̂p
) JvSαβ

|vSαβ |2

}

(24)

δαβ = δ̂eqαβ − kpp̃vSαβ − kq q̃JvSαβ (25)

L ˙̃p =− x1

2
|vSαβ |2 kpp̃+ X̃q (26)

L ˙̃q =− x1

2
|vSαβ |2 kq q̃ − X̃p (27)

A Lyapunov approach has been used for developing an adap-

tive law to reconstruct parameter X . For this purpose, a

positive-definite function is proposed, where parameter γ is

a positive design constant that stands for the adaptation gain.

The time derivative of (28) along the trajectories of (26) and

(27) is (29) which is made negative-semidefinite by proposing

(30) to reconstruct the parameter X̂ .

H =
1

2
Lp̃2 +

1

2
Lq̃2 +

1

2γ
LX̃2 (28)

Ḣ = −x1

2
|vSαβ |2

(

kpp̃
2 + kqq̃2

)

+ X̃ (qp̃− pq̃) +
1

γ
˙̃XX̃

(29)

Following Lasalle’s theorem arguments, it can be stated that

p̃ → 0 and q̃ → 0 as t → ∞ asymptotically. Moreover, from

(30) p̃ → 0 and q̃ → 0 imply that X̃ is constant. According

to (15) and (16) this constant should be zero. This guarantees

convergence of the estimated value towards its actual value.

Taking into account p̂ and q̃ definitions, the parameter X̂ can

be more convenient reconstructed using expression (31) and

hence with (32).

˙̂
X = −γ (qp̃− pq̃) (30)

˙̂
X = −γ (qp∗ − pq∗) (31)

X̂ = −γ

∫

(qp∗ − pq∗) dt (32)

Fig. 2 shows the block diagram for the instantaneous power

tracking control loop with the adaptive law to estimate the

reactance that it is used in determining the equilibrium point.

B. Voltage regulation control loop

The voltage regulation loop objective is to regulate the

sum of the dc-link capacitors voltages. This sum should be

maintained equal to the dc-link voltage reference value Vdc.

p

-
+

-
+

( )* *qp pq dtγ− −∫*p *q q
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+

Fig. 2. Block diagram of the instantaneous power tracking control loop.

To design the voltage regulation controller it is assumed that

the instantaneous power dynamics are much faster than the

dc-link capacitors voltages dynamics that is given by equation

(6). Under this assumption, it can be considered that the

instantaneous active and reactive power errors are zero so the

equivalent controller is (33).

δ̂eqαβ =
2

x1

{

(

|vSαβ |2 + X̂q∗
) vSαβ

|vSαβ |2
−
(

X̂p∗
) JvSαβ

|vSαβ |2

}

(33)

Replacing (33) in (6) yields (34) in which the variable change

defined in (35) provide (36).

C2x1ẋ1 = − 4

Rdc

x2
1 + 4p∗ (34)

z1 = x2
1 (35)

Cż1 = − 4

Rdc

z1 + P (36)

The equation (36) describes the dynamics of a first order LTI

system with P as control signal which can be solved with the

proposed PI controller in (37).

P = Kpχ+Kiξ (37)

τ χ̇ = −χ+ z̃1

ξ̇ = z̃1

In (37) a low pass filter has been included in the proportional

term to reduce the high frequency noise and to guarantee

a lower dynamics for x1 than for the instantaneous active

and reactive power. The parameters Kp, Ki and τ are design

positive non-zero constants.

Finally, Fig. 3 show the block diagram for the voltage

regulation loop designed in this section.
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Fig. 3. Block diagram of the voltage regulation loop.



C. Voltage balance control loop

The voltage balance loop objective is to control the differ-

ence of the dc-link capacitors voltages values. This difference

should be maintained round to zero to ensure that no signifi-

cant unbalance is present at the dc-link capacitors. As for the

regulation loop, it is assumed that the instantaneous power

dynamics are much faster than x2 dynamics (7), thus (33) can

be considered as equivalent controller. Introducing (33) in (7),

the voltage balance dynamics can be reduced to (38) where

function φ(t) is defined in (39) and has the expanded form

shown in (40).

Cẋ2 =
2p∗√
6x1

δγ + φ(t) (38)

φ(t) =
2√
6

[

(δeqα )
2 −

(

δeqβ

)2

,−δeqα δeqβ

]

iαβ (39)

φ(t) =
8

x2
1

√
6

(

(

1 + ξ2q + 2ξq − ξ2p
) (

v2Sα − v2Sβ

)

iα

+ 4 (1 + ξq) ξpvSαvSβiα

− (1 + ξq − ξp) vSαvSβiβ

− (1 + ξq) ξp
(

v2Sβ − v2Sα

)

iβ

)

where ξp =
X̂p

|vSαβ |2
and ξq =

X̂q

|vSαβ |2
(40)

It can be noticed that (38) yields to the same conclusion

pointed out in [7], that is, the voltage balance can be controlled

with δγ . To achieve this objective, the controller (41) is

proposed, where Kpx2
is a design positive nonzero constant

and φ(t) has been considered as a perturbation. This controller

in close loop with (7) ensures that x2 tends exponentially

towards to zero.

υγ = Kpx2
x̃2 − φ(t) (41)

υγ =
2p∗√
6x1

δγ (42)

x̃2 = x∗
2 − x2 (43)

To avoid the parameter uncertainties in the φ(t) calculation,

an adaptive law is adopted and the estimated value φ̂(t) is used

to calculate the control action (44).

υγ = Kpx2
x̃2 − φ̂(t) (44)

From (40) it can be noticed that φ(t) is a sum of the terms

v2Sαiα, v2Sβiα , vSαvSβiα , vSαvSβiβ , v2Sαiβ and v2Sβiβ .

If it is supposed that vSαβ and iαβ are composed only by

fundamental harmonic, φ(t) can be considered to be mainly

composed of fundamental and third harmonics, so both of

them, the perturbation and its estimation, can be expressed

as (45).

φ̂(t) =
∑

k=1,3

ρTk Φ̂k, ρk =

[

cos(kωt)
sin(kωt)

]

, Φ̂k =

[

Φ̂r
k

Φ̂i
k

]

(45)
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Fig. 4. Block diagram of the voltage balance loop.

Introducing the proposed controller (44) in (7), the x2 error

dynamics is described by (46).

C ˜̇x2 = −Kpx2
x̃2 + φ̃(t) (46)

φ̃(t) = φ̂(t)− φ(t)

Now to obtain the adaptive law to reconstruct φ̂(t), a Lyapunov

approach is followed and the positive-definite function (47) is

proposed, where parameter γk is a positive constant that repre-

sents the adaptation gain. The time derivative of (47) along the

trajectories of (46) is (48) which is made negative-semidefinite

by proposing (49) as adaptive law. Assuming that φ(t) phasor

components are constant or slowly variant, this law can be

used to reconstruct the parameter φ̂(t).

H =
1

2
Cx̃2

2 +
∑

k=1,3

1

2γk
Φ̃T

k Φ̃k (47)

Ḣ = −Kpx2
x̃2
2 +

∑

k=1,3

x̃2ρ
T
k Φ̃k +

∑

k=1,3

1

γk

˙̃ΦkΦ̃k (48)

˙̂
Φk

∼= ˙̃Φk = −γkx̃2ρ
T
k (49)

The adaptation scheme proposed in (49) can be further sim-

plified following the procedure given in [7]. This yields the

following bank of resonant filters (50), which can be used to

estimate the perturbation φ(t).

φ̂k =
−γks

s2 + (kω)
2 x̃2 where k ∈ {1, 3} (50)

The block diagram for the voltage balance loop it is shown

in Fig. 4.

IV. EXPERIMENTAL RESULTS

Several experiments have been carried out in order to

validate the proposed controllers for the rectifier and the

inverter operation modes. Fig. 5 shows the photography of

the three-phase three-level NPC back to back converter used

to carry out the experiments. It is composed by two 50 kVA

three-phase three-level NPC converters connected through the

dc-link, one of them works in the rectifier operation mode and

the other one in the inverter operation mode. The controllers

and the SV-PWM modulator are implemented in a DSP based

platform, using the TI floating point TMS320VC33 running

at 50 MHz. The gate signals are generated by programmable

gate logic devices from the control action calculated by the

main DSP. Thanks to the low computational cost of the

3D-SVPWM used for the modulation, no special software



TABLE II
SYSTEM VARIABLES AND PARAMETERS

Variable Description Value

VSi, VSr Grid voltage 380 VRMS

ωi, ωr Grid Frequency 314.15 rad/s

v∗
C1

, v∗
C2

dc-link capacitors voltage reference 400 V

Ci, Cr dc-link capacitors 3.3 mF

Li Inverter smoothing inductor 5 mH

Lr Rectifier smoothing inductor 3.5 mH

fsw, fs Switching and sampling frequency 5.6 kHz

optimization is needed so the controllers are directly imple-

mented as described in Figs. 2, 3 and 4. In this way, the

proposed MB-ADPC is executed in 2.56 µs. On the other

hand, the conventional PI current controller needs 1.84 µs.

In addition, the dc-link voltage balance loop requires 2.04 µs

to be executed.

Fig. 5. Photography of the prototype used in the experiments.

Fig. 6 depicts a simplified scheme of the experimental setup,

while Table II shows the grid, converters and experiments

parameters.

AC

+_

+_
+_

+_vSr Lr
vSiLi

DC

DC

AC

NPC Rectifier NPC Inverter

Fig. 6. Electrical scheme for the experimental test bench.

A. Voltage regulation and voltage balance control loops

In this case, the control objectives for the rectifier side are

the voltage regulation and the voltage balance while for the

inverter side is only the voltage balance since instantaneous

active and reactive power references for the inverter are set

externally.

Table III shows the experimentally tuned values for the

voltage regulation and voltage balance controllers design con-

stants.

TABLE III
VOLTAGE REGULATION AND BALANCE CONTROL LOOPS DESIGN

CONSTANTS VALUES

Constant Kp Ki τ Kpx2
γ1 γ3

V alue 2 0.5 1.6ms 0.1 0 1500

TABLE IV
MB-ADPC CONTROLLER DESIGN CONSTANTS VALUES

Constant kp kq γ

V alue 2e-7 0.5e-7 1e-6

In Fig. 7, the voltage regulation and the voltage balance

control result for the rectifier is shown when an active power

step of 10 kW is applied to the inverter side. In channels 1
and 2, the dc-link voltages vC1 and vC2 are represented and

the voltage unbalance vC2 − vC1 is depicted in math channel.

It is shown that the voltage regulation loop works correctly

achieving the voltage reference for each part of the dc-link

(400V ) while the voltage balance is always kept round to zero.

The obtained results for the inverter side are exactly the same.

Fig. 7. dc-link capacitor voltages (vC1, vC2) and dc-link voltage unbalance
(x2) in the rectifier side.

B. Instantaneous power control loop

In this case, the control objective is to achieve the tracking

of the active and reactive power towards their references. A

comparison with a conventional stationary PI current controller

has been carried out to show the enhancement achieved by

the proposed MB-ADPC controller scheme. The MB-ADPC

controller design constants are shown in Table IV and have

been tuned experimentally. The design constants for the PI

current controller are summarized in Table V. These values

have been determined attending to the Symmetry Optimum

criterion [32] and fine tuned experimentally.

In the experiment, several power steps have been applied to

the instantaneous active and reactive power references in the



TABLE V
PI DESIGN CONSTANTS VALUES

Constant kpPI
kiPI

V alue 18 1e-3

inverter side. The power steps are sequentially the following:

initially zero active and reactive power are injected to the

inverter grid side, then the reactive power reference is changed

to 10 kVAr. After this, the active and reactive power references

are changed respectively to 8 kW and 8 kVAr. A third power

step is applied imposing that the active and reactive power

references are 10 kW and 0 kVAr respectively. Finally, the

system returns to the initial state. This sequence is summarized

in Table VI.

TABLE VI
EXPERIMENTAL ACTIVE AND REACTIVE POWER REFERENCES SEQUENCE

Step 1 2 3 4 5

p∗i (kW) 0 0 8 10 0

q∗i (kVAr) 0 10 8 0 0

In Fig. 8 and Fig. 9, the obtained apparent, active and

reactive power trends using the proposed MB-ADPC controller

and the stationary classic PI current controller are represented.

As expected, the results obtained with the proposed MB-

ADPC are better than those obtained with the stationary

PI controller, due to the poor behavior of the PI controller

when it is used to tracking time-variant variables [5]. From

the experiments carried out and taking into account that the

horizontal scale in Figs. 8 and 9 is 8 s/div, it can be noted that

when using the proposed MB-ADPC strategy, the transients

in the power steps are faster than using the PI controller. In

fact for an instantaneous active power reference step from 0
to 10 kW, the power transient slew rate are 7 kW/ms and

9 kW/ms for PI and MB-ADPC controllers, respectively. In

addition, the tracking of the active and reactive power toward

their references is clearly improved in steady state with the

proposed MB-ADPC controller as can be seen on Table VIII.

In order to show the advantage of the use of the proposed

adaptive law for the unknown reactance parameter X , an

experiment that consists on a step on the instantaneous reactive

power reference from 0 to 8 kVAr has been carried out.

Fig. 10a shows the trend for the output reactive power of

the inverter with a certain value for γ while Fig. 10b shows

the same for a smaller value. It can be seen that higher this

value is, quicker the output reactive power error tends toward

zero. However, in the experiments it is observed that higher

values of γ lead to higher ripples in the currents that make

the system unstable. In this way, there is a trade off between

the performance and the stability of the system.

Fig. 11 shows the details of the obtained voltages and cur-

rents using the proposed MB-ADPC when the instantaneous

active and reactive power reference in the inverter side are

p∗ = 8 kW and q∗ = 8 kVAr, respectively, while Fig. 12 shows

the results when using conventional PI currents controller.

Fig. 8. From top to bottom: Apparent, active and reactive power trends in
the inverter side using the proposed MB-ADPC controller. Horizontal scale:
8 s/div.

Fig. 9. From top to bottom: Apparent, active and reactive power trends in
the inverter side using the stationary PI controller. Horizontal scale: 8 s/div.

Fig. 10. Reactive power trends in the inverter side using the proposed MB-
ADPC controller during an instantaneous reactive power reference step from
q∗ = 0 kVAr to q∗ = 8 kVAr with p∗ = 8 kW for two different values of
the adaptive gain: a) γ = 1e-6 b) γ = 1e-8.



TABLE VII
POWER REFERENCES FOR A, B AND C EXPERIMENTS

Experiment A Experiment B Experiment C

p∗i (kW) 10 0 8

q∗i (kVAr) 0 10 8

In order to evaluate the steady state performance of the

proposed controllers, a new set of experiments have been

carried out. The experiments consist on setting the active and

reactive power references to a fixed value and to measure

the apparent, active and reactive power plus the THD for

the currents. Table VII shows each experiment used power

references.

In Table VIII, measurements of the apparent, active and

reactive power for the inverter side using the proposed MB-

ADPC and the conventional PI current controllers are sum-

marized. It can be seen that in all cases, the power references

are achieved but in general using the proposed MB-ADPC

controller provides smaller power errors than using the PI. In

experiment A, the active power error is reduced from 1.21%
to 0.05%. Besides, the reactive power is reduced from 1.642
kVAr to −0.372 kVAr what implies a reduction in the reactive

power error equal to 77%. Similar results can be observed in

experiments B and C. In addition, it can be seen that both

strategies achieve similar THD results. The THD, using the

proposed MB-ADPC, for experiments A, B and C, are 3.4%,

3.9% and 3.6% respectively, and when the conventional PI is

used, 3.1%, 5.5% and 3.7%.

In order to show the effects in the rectifier when the active

and reactive power references are changed in the inverter

side, measurements in the rectifier have been taken. In Table

IX are presented the measurements of the apparent, active

and reactive power for the rectifier side converter when the

experiments A, B and C are carried out. The rectifier is

controlled using the proposed MB-ADPC strategy. From Table

IX, it can be noticed that non zero reactive power reference in

the inverter side, do not affect to the reactive power consumed

Fig. 11. Experimental voltages and currents waveforms in the inverter side
when p∗ = 8 kW and q∗ = 8 kVAr with the proposed MB-ADPC.

Fig. 12. Experimental voltages and currents waveforms in the inverter side
when p∗ = 8 kW and q∗ = 8 kVAr with conventional stationary PI currents
controller.

by the rectifier, which is maintained to a low value in all

experiments, achieving almost a unity power factor. Besides,

it can be observed that the active power consumed by the

rectifier is always higher that the active power commanded in

the inverter side. This is due to the system power losses that

must be provided by the rectifier grid side.

TABLE VIII
EXPERIMENTAL RESULTS FOR A, B AND C EXPERIMENTS. INVERTER

SIDE.

Experiment A Experiment B Experiment C

DPC PI DPC PI DPC PI

S(kVA) 10.012 10.014 9.978 8.879 11.293 10.570

P (kW) 10.005 9.879 -0.330 0.847 7.957 8.689

Q(kVAr) -0.372 1.642 -9.972 -8.839 -8.014 -6.019

THD(%) 3.4 3.1 3.9 5.5 3.6 3.7

TABLE IX
EXPERIMENTAL RESULTS WITH THE PROPOSED MB-ADPC. RECTIFIER

SIDE.

Experiment A Experiment B Experiment C

S(kVA) 11.385 2.447 9.706

P (kW) 11.357 2.227 9.674

Q(kVAr) 0.230 0.276 0.239

V. CONCLUSION

In this paper, a new adaptive DPC controller for three-phase

three-level NPC power converters is proposed. This controller

is an extension of the DPC technique applied to two-level

converters adding the particularities of three-level topologies.

Thanks to continuous averaged model of the system, adap-

tive techniques have been included in the control design to

overcome problems associated with system parameter un-

certainties. The experimental results show that the proposed

MB-ADPC controller achieves the active and reactive power



tracking and the regulation and the balance of the dc-link

capacitors voltages, improving the overall behavior of the

system compared with conventional stationary PI strategies.

The good transient and steady state operation of the proposed

technique has been evaluated in a 50 kVA back to back three-

phase three-level NPC prototype. The experimental results

show that the grid connection filter can be reduced because the

high gain and the harmonic spectrum spread of the classical

DPC controller are avoided, due to the SVM applied provides

a constant switching frequency. This fact leads to an increase

of the operation range of the power converter improving

the dynamics of the system. Moreover, the model based

voltage balance control loop design, allows the use of modern

control techniques, avoiding the use of LUT and sliding mode

control techniques based on the multilevel state space vectors

redundancy.
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