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Abstract — This paper presents a novel Finite Control Set
Model Predictive Control (FS-MPC) approach for grid-
connected converters. The control performance of such
converters may get largely affected by variationsin the supply
impedance, especially for systems with low Short Circuit Ratio
(SCR) values. A nove idea for estimating the supply
impedance variation, and hence the grid voltage, using an
algorithm embedded in the MPC is presented in this paper.
The estimation approach is based on the difference in grid
voltage magnitudes at two consecutive sampling instants,
calculated on the basis of supply currents and converter
voltages directly within the MPC algorithm, achieving a fast
estimation and integration between the controller and the
impedance estimator. The proposed method has been verified,
using simulation and experiments, on a 3-phase 2-level
converter.

l. INTRODUCTION

The extended use of Renewable and Distributed Variation of transmission

literature for grid connected converters; some tgmig
implement just a current control [12], [13], [14fhile others
investigate a more complete direct power contrdl [£5],
[16]. In [5],[15], the authors propose a Model Rcade
Direct Power Control (MP-DPC) approach; it allons t
eliminate the external Pl based DC-link voltage tauter,
hence avoiding windup issues or linearization @f sgstem
for proper tuning of the PI controllers. Howeves any
model based control technique, MP-DPC is sensitive
model parameter variations. In Figure 1, while ¢cbaverter
inductance,L, and its parasitic resistance, are usually
known, the grid parameters (usually inductance dant
Ls), are unknown and can have highly varying values
depending on the grid load conditions. Since MP-DOBC
based on the knowledge of model parameters, anyl sma
variations in these parameters will disturb perfance and
stability of the control system.

line inductance is very

Generation (DG) systems in the past decade is widelcommon and is due to environmental changes, losigrtie
contributing to modify the old concept of electtica transmission cables or presence of harmonics gedelsy

distribution network towards an “active” model wagrower

variable grid loads, such as DG systems. This tianan

can flow in any direction [1]. This has demanded ansupply inductance also affects the ripple on theasueed

improvement in power electronics systems and cbritro
order to implement systems grid interface, effectand
intelligent power flow control and to avoid gridsiability
[2]. The application of power electronics convestand in
particular grid connected technology or Active Frdnd
(AFE) has become a key enabling technology in
renewable and distributed generation systems like,
example, photovoltaic and wind power generatiortesys
[1], [3]. AFE can be also used as active filterevehthey are
connected in parallel or series to a non-linead laad offer
reduction in harmonics production [4], [5]. In teescenarios
the converter control is a key element to achieptnal
generation systems grid interface, the required gopdilow
and to avoid grid instability [6]. In contrast witraditional
control techniques applied to AFE, such as Volt@gented
Control (VOC) [7] and Direct Power Control (DPC)],[8
Finite Control Set Model Predictive Control (MPQGshbeen
recently proved to represent a promising solutmmdntrol
of power electronics converters. In fact, it presdseveral
advantages including better dynamic response, bilexi
control action and digital implementation [9], [1(11]. In
particular, several MPC strategies have been peapds
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voltage at the Point of Common Coupling (PCC). A
mismatched impedance value alongside a distorte@ PC
voltage, can affect the predictive control perfoneg Thus,
it is important that the variation in supply indaicte is taken
into account in the control implementation. Alsevibuld be
all great advantage if a good online estimation efsihpply
inductancels, is provided, using that to update the total AC
side inductance value in the MP-DPC. Several metinagde
been proposed in literature for estimation of thppdy
impedance with both offline and online implememtas. In
[17], using a Fast Fourier Transform to calculaiféedent
harmonic impedances, authors used a voltage transie
injection at PCC resulting in a transient variationcurrent
and voltage at the PCC. However, the use of amemiFT
algorithm requires a high computational effort. €ttyrid
impedance estimation methods include variationgaative
and reactive powers [18], or uses a Virtual-Fluxsdeh
control method to estimate inductance, [19]. Anlgia
approach for estimation of the coupling inductaimcéirect
power control of active rectifiers is instead preed in [20]
and [21]. The proposed method works on the priecipf
assuming an equal grid voltage magnitude at two



consecutive sampling instants, [21], [24], and iintegrated
within the MPC algorithm. The supply resistancenist

considered in this work, since its effect can basatered
negligible with respect to the supply inductanceiclh
heavily affects the magnitude and phase of the gplthge,

thus reducing the performance of the MPC. Howeltdg

always possible to expand the proposed estimati&thad to
include the supply resistance estimation.

The combination of a finite set MP-DPC and the

proposed estimation algorithm results in a highelvéadth
control robust to supply impedance variations witho
increasing excessively the complexity of the cdraystem.

II.  MODEL PREDICTIVE - DPCAPPROACH

The equivalent circuit ire S reference frame calculated
using [25], of the AC side of the AFE system inuFig 1 is
shown in Figure 2.
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Figure 1. Grid-connected active front-end rectifier

v

grid-o

Verid-p

Figure 2. Equivalent AFE model in andp reference frames

The continuous-time representation for this eqeingl
circuit is given in (1), while the continuous timeodel for
the system DC side is given in (2).

[di;;X] = [vgrid—x - vc—x] ' (%) - [is—x] ) (%) (1)
dVye g Vice
bl o

In (1)-(2) vgria, Ve andVyc are, respectively, grid, converter
and DC-link voltageijs andiq: are supply and converter DC
current, the total inductandg is the sum of converter filter
inductancelc and supply inductances, r is the converter
input filter resistanceR is the load resistance artlis the

the MPC works in discrete-time, the following edoas
represent the discrete-time model of the contindivne
system given in (1) and (2):

[is—xk+1] = [ﬁgridk - vc—xk] X+ [is—xk] Y

3)

Ts
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L
Vet =L T v, Z (5)

The predictions are made for a future samplingaimst
k+1, using the information provided at the presentaintk.
In the practical implementation, due to the caldofatime
required by the digital control system, a delay afe
sampling instant is taken into consideration by imgk
predictions at instark+2. Hence the model becomes:

k+2] +1

[is—x = [ﬁgridk - 17c—xk+1] X+ [is—xk+1] Y (6)

i k+1
dc
k+2 _ . TS + Vdck+1 4

- ™

Vdc—pred

where, v*! and is** are calculated using the optimized
switching signals from the predictive controller tte
previous sample intervak. Having the supply current
predictions at k+2, the active and reactive powers,
predictions respectively at this sampling instaet a

p k2 _

~ k+2 . k+2 o~ k+2 . k+2
pred (vgrid—a “ly T+ Vgria-p g * )(8)

N w N w

k+2 ~ k+2 . k+2 N k+2 . k+2
Qpred (Ugrid—ﬁ “lg — Vgrid-a g )(9)

Equations (7)-(9) are calculated for every possible
converter states; between all of them, the stateptay is
selected using a user defined cost function, whéphesents
DC-Link voltage, Active and Reactive power errofhe
cost function and the required references calaratire
described in the following subsections.

A. DC-link voltage reference

The method proposed in [5] and [15] was adopted to
obtain suitable references for the active power tueddc-
link voltage. The reference dc-link voltage is ciddted
using (10) whereN* is the reference prediction horizon. A
suitable selection dfi* results in a better dynamic response
of the dc-link voltage.

1
Vdc—refk+1 = Vdck + F(Vdc—refk - Vdck) (10)

Since the DC-link voltage reference does not vary

dc-link capacitanceln order to obtain the desired prediction Significantly at two consecutive sampling instarte DC-

of the supply current, the current derivative ipragimated
using the Euler forward method as mentioned in.[Eljce

link voltage reference ak+2 is assumed approximately
equal to the referencelatl, i.e. Vieref"?~ Vacrek*t.



B. Power reference

The reactive power reference£*2 is kept to 0 VAR to
obtain unity power factor operation. Thus, withasing any
Phase-Locked-Loop (PLL), as is the case in curcentrol
where the grid phase angle estimation is neceskary
current reference generation, the supply voltage amrent
are synchronized by maintaining a close to unityveo
factor by directly controlling active and reactipewers.

C. Cost function

At each sampling interval, the 8 possible switching
combinations (6 active vectors and 2 zero vectars)used
to evaluate the cost function. The switching coratiom that
gives the minimum cost function value is selected laence
applied. Similarly, in the next sampling intervhketprocess
repeats. Using this approach, the use of a modulato
generate the converter switching states is no loregpiired

Moreover, under low SCR scenarios, re-tuning of PLLas in [7], [8] or [14]. It is possible, however, &ohieve the
algorithmsmay have computational constraints, adding moresame switching combination to be applied at twoeween

complexities to the control structure. Thereforesieming
unity power factor, the active power referencedakuated
using the system power balance equation [15] awrsho

(11) where,Ps is the supply active poweP; is the power
loss on the input filter resistance dRelgq is the active power
across the capacitor and resistor at the DC side.

Ps =P + Pioaa (11)

For a balanced and undistorted 3-phase systemanithity
power factor, it can be assumed that

3 .

P = Evgridk+1 lsk+1 (12)
3 2

P.= Er(ls"+1 ) (13)

where i*** and 9,,,,"*'are the predicted supply current

and estimated grid voltage obtained from (3) an€),(3
respectively. Therefore, (11) can be expressed in
discretized form in terms of grid voltage and syppirrent,
with regards to Figure 1, as shown in (14).

~ k+1
. k+12 Vgrid .

14
S r S

Zploadk+1
3r

k+1 =0 (14)

Solving (14) fori&*' and multiplying byﬁgn-dk“, the
active supply power reference is hence obtainedlif),
wherePpaq is the load power anid*! is the rectified current
defined, respectively, by (15) and (16).

Ploadk-'-1 = idck+1 ' Vdc—refk+1 (15)
V. k+1 _ 1% k 1% k
idck+1 =C- dc-ref T dc + (Z (16)
s
3 P k+12 gp, k+i.
p k+2 _ 2 VYgria 1— _ 9%0aa r 17)
ref - 4 r 3 5 -dk+12
gri

As it can be noted, the expression of the activeepo
reference requires an appropriate grid voltagemesibn
algorithm, which is described in section V and take
advantage of the inductance estimation algorithstiileed
in section V.

three consecutive sampling intervals, thus resyliim a
variable switching frequency for the converter. Témst
function, G, used for the proposed MP-DPC, is shown in
(18).

A
k+2 k+2
G = % |Vdc—ref * _Vdc—pred * |
dc-rated
’12 k+2 k+2
+P |Pref+ _Ppred+|
rated
A3 k+2 k+2 18
+ P |Qref - Qpred | ( )
rated

where, 4;, 4, and A; are the weighting factors for the 3
terms in the cost functiorVycrated aNd Praed @are used as
normalizing factors wheréycraedis the rated dc-link voltage
and Praeq is the apparent power. In [11], the authors
emphasize that special attention must be paid while
designing the weighting factors; however, thereni a
Straightforward approach through which an accukatee

for these parameters can be selected. Since thghtivig
factors selection is an on-going research topieir thalues
are mostly designed based on empirical procedures.

In order to adapt the proposed inductance estimatio
method to practical converter implementation, thespnce
of dead-times in the devices switching needs ttaken into
account. In fact, as described in section IV, theppsed
method considers the switching signals for eachofethe
converter and the dc-link voltage. However, switchdead-
times {Tq region in Figure 3), considered equal tes2n this
work, results in a voltage drop which affects tlséneation
method. Therefore, this voltage drop needs to be
compensated. A dead-time compensation method hes be
included in the model predictive control by incarging an
additive term representing the voltage drop duthédead
time Tq. The voltage loss in thdy' region for interval for
leg A is expressed as

DEAD-TIME COMPENSATION

1 Ty
vearg = = Vdc-—-(2Say_q — Sby_1 — Sci_1)

3 T, (19)

In the same way the voltage in the -~ T4 region for
interval S is expressed as follows.



seem to be significantly affected by high frequency
VCaps_rq = = Vdc - (2Say, — Shy, — Sci,) (20) components of grid impedance, thanks to its interen
3 T robustness. Therefore, it is reasonable to assunhewa
) frequency grid impedance model [26]. Referring iguFe 5,
Therefore, the total converter voltage appliedniythe  the estimation approach works on the principlesstianing a

Ts - Td

sampling intervak is now expressed as constant grid voltage magnitude between two corisecu
sampling instantsAlthough there will be a phase shift of
VCagy = VCArg + VCArs_rq (21) ‘et the magnitude of the grid voltage vector will,

however, not vary significantly.
Similarly, (19)-(21) are applied for the other legith
reference to the direction of the supply currentsthe
respective legs [23]. The converter voltages arecée — |
transformed to their respective and f components to be
used in the current predictions for (3) and (6) émdthe
inductance estimation method, (24) and (25).
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IV. INDUCTANCE ESTIMATION METHOD |”grid | = (Vgn‘d—a ) +(Vgn‘d—5 ) (22)

The estimation method proposed in this paper ettsna
the total inductance, i.e. supply inductance plasverter
inductance, and feeds the estimated value as ateufmithe
model based predictive controller, as shown in Fegd.
Using the total estimated inductance value, we easily

. 2
find the variation in supply inductancés, and make an (v k)z _ (L-dls_x+r-i ki k) (23)
grid—x - S—x c—x

According to Figure 2 and Figure 5, the grid vo#tag
magnitude at the time instaktcan be expressed using the
value ofvgid® extracted from the system modebi:

estimation of the supply/grid voltage inside thetcoller. dt
sl]-T- Ls .7 e rectifier Vacorer* Hence, the square of the grid voltage magnitudiesgant
s Gow) Rt IVw & kis expressed as:
T T ;y,y
e, [T 5 2 disq ’
- e b i |vgridk| = (L ' d +r: isak + Vcock)
i Predictive Controller t

ek
Sos U5, """ = F (i, Dyriy Lot T, Sope.Vac™ )

— Vet = f (Vack, C.R, sy ,Sas” )
¥

[
-~ & -
._..I 15,00 = F(ls " ™" Dyring g besta7sSag™ " Vack*?)
¥

= 3
Prad = f (ngid.,l‘ .l:_',uhz)

di 2
+ <L -d—stB i+ vcﬁ"> (24)

e = (Bt ™) Pror*? = f(Proad™ .1 Pgria®™™) Similarly, the square of the grid voltage at thevyious

. instant,k — 1, is equated as:
v k+1__| e =f(Vflrk“.c.R,iapk.sa,ﬁm’) }’_ Ogria*™
de I Saptk Vdck 5

,_l—‘i S di
= a . ~112 . - —

L. Inductance Estimator i |vgridk 1| — (L . d;a +r- lsak 1 + vcak 1)

Figure 4. Block scheme of proposed MPC with online inductasice disﬁ K1 z
grid voltage estimation +(L- I +r-iggt T+ vcﬁk'l (25)

According to [26], since the voltage harmonic magphe
decreases as the frequency increases, the effeblighf . . .
frequency harmonics on the grid impedance are diftgted Vew 8NdVey in the equations above are calculated using
in power systems. Moreover, the predictive contimés not  the optimized switching signals from (18) and theasured



dc-link voltage. After discretizing the current natives,
(24) and (25) are solved for the value of the totdlctance
L such that:

1% =0 (26)

This resulted in the quadratic equation of (27thwhe

|Ugridk |2 - |Ugrid

termsA, B andC expressed, respectively, by equations (28)

(30) with the single terms defined in (31)- (33).
I?*A+L-B+C=0 27
A= (DAg)? + (Ag,)" — (Mg5)? — (DAg,)" (28)

B =2-(AByy - Ay + ABg, - Mg,

— ABy, - A, — ABg, - Mg,) (29)

C = (8Ba1)? + (8Bgy)” — (AB,,)? — (8Bg,)” (30)

i k+1 _ i k i 5k+1 —i 5}(
sa sa s s
Mgy === Mg =
. . k-1 .k - k-1
L —1 L —1
Mg, = sa Tssa ) AA{;Z _ sB TSSB (31)
ABgq = rig* + Veo®, ABgy = risﬁk + veg" (32)

AB(IZ = T‘isak_l + vcak_l, ABBZ = risﬁk_l + vcﬁk_1(33)

After substituting (28)-(30) in (27), the total inctance is
evaluated as

4-C-A
BZ

Lestimation = E ' Z -1+ (34)

The estimated value of inductance in (34), oncdéuebec!
the negative root, is used as an update to theciadce
value in the current predictions of (3) and (6).

V. GRID VOLTAGE ESTIMATION

If the voltage at the point of common coupling:c
presents substantial distortion and it is usedh@rhodel, it
will in turn induce distortion on the current pretibns. We
need therefore an estimation of the grid voltagecedthe
total inductance has been estimated the supplyctadoel s
is estimated as:

Z'S = Lestimation — L¢ (35)
where, the value ofc is usually known since it is the
converter input inductance. Referring to the bldidgram in
Figure 4, the supply voltage uf reference frame used for
the predictive controller is corrected using théneation in
(35):

. 1 . k
~ k ~  lsap — lsa,p
grida,f = Lg - Ts + vpcca,Bk (36)
isu [ﬁ’k+1_isu/i‘k - - -
where, — “— is the discretized supply current

derivative and/co,s¢ is the actual measurement of the voltage
at PCC. Using th@grmmﬁk andLg in (3) and (6) for current
‘predictions, it is possible to apply the previoudbscribed
MP-DPC in a way that the resultant control actiakes into
account supply impedance variations and the system
performance is not affected. In cases when thelgrida low
SCR, i.e. very high grid inductance, a phase gfeftveen
the supply current andp. is present in addition to the
distortedvpee. Moreover, the fundamental componentvaf
does not accurately approximatgas because of the variable
grid inductance, thus resulting in a phase and imhadm
error with respect to/ia. Therefore, estimating the grid
voltage is much more efficient and suitable, paféidy in a
low SCR scenario.

VI. SIMULATION RESULTS

The proposed MP-DPC is applied to the three-phasee t
level AFE of Figure 1 with the system parameteported in
table |. Simulation results obtained in Matlab-Slimki
environment are shown and discussed in this section

TABLE I. SIMULATION PARAMETERS
Parameter Symbol Value
PCC voltage Vecc 100Vime
Sample tim Te 50p¢
Converter filter inductance Lc 4.5mH
Converter filter resistance r 0.4Q
Active Power P 2400W
DC-link capacitance C 2200uF
Weighting factors A, Ay A3 15,1, 1
Average switching frequency  Fsw 9.7 kHz

Although the converter has an average switching
frequency, [11], of ~9.7 kHz, the sample time ugmdthe
predictive control is fixed at 20 kHz. Figure 6 shothe
estimated inductance and its reference value, witeze
method has been tested in the extreme conditiora of
frequent variation irLs. The estimation algorithm evaluates
the total inductance quite accurately even whenstimply
inductanceLs has been varied in order to reach a value
greater than 200% afc.

15]
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13|

Inductance (mH)
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Figure 6. Estimated Total Inductance with a variation & Lc=4.5mH



In terms of system SCR, results are shown in téble
where the SCR has been defined as [27]:

_ Short circuit power (SCP)

SCR

37
Base Power(Sgasg) (37)

The estimation method proposed in this paper work

effectively for SCR values larger than 2, at which system
starts showing an unstable behavior.

TABLE 1. SCRVALUES FOR DIFFERENTLS VALUES
Ls Lc Zs () SCP Sease SCR
(mH)  (mH) (KVA)  (KVA)
10 45 0314 9547 24 398 o
20 45 0628 4777 24 1993 ||SUMord
4.0 45 1257 2386 24  9.954
6.0 45 1885 1501 24 6637
8.0 45 2513 11.94 24 498
100 45 3142 955 24 398 | |weak grid
120 45 3770 796 24 332

Figure 7 shows total inductance and grid voltage

estimation results for the case whegis 3.0mH and the
converter input filter inductance is 4.5mH. The samalue
of Ls has been used in the experimental results sectiom.
supply voltage used for the predictive controleecorrected
by using the estimated value of the supply induganhere
the PCC voltage and grid voltage estimation havéiB of
~18% and 1.16% respectively.

< 150| N - | [ Vpcc — V-grid estimation — Supply Current]
@ T T T
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Figure 7. Actual Vbco Vgrig-estimation CUITENt, L-est. = 3.0mH

Figure 8 shows the supply current and estimated gri
voltage for a step variation of 3.0mH g from 0.5mH to
3.5mH at 0.09s.

Figure 8. verip estimation and Current—<t 0.5mH-> 3.5mH

When thelsis 0.5mH, the current THD is ~5.48%. Due
to the large mismatch between the real and the Inadige
of Ls at 0.09s because of the step change, the comidbl a
estimator performance gets affected, boosting tH® To
22.35%. However, once the estimator has reachddaalys
state within a fundamental period, the correctddesofLs
and grid voltage largely improve the control pemfance
achieving a current THD of ~3.66%.

Table IlI shows the THD of the supply current for
different variations irLs when the grid voltage has also been
estimated. Once thes is correctly estimated, the increase in
the total inductance on the AC side obviously invesothe
quality of the current waveform, as it can be skem the
reduction of THD values from 5.48%g4= 0.5mH) to 3.18%
(Ls = 5.0mB in the case of online estimation. Thus,
presenting highly improved performance.

TABLE llI. CURRENTTHDS : ESTIMATION TO VARIATION OF LS
Ls(mH)  Lc(mH) THD (%)
05 45 5.48
1.0 45 493
2.0 45 4.29
3.0 45 3.76
40 45 3.39
5.0 45 3.18
VIl. EXPERIMENTAL RESULTS

Experimental tests have been carried out using the
laboratory setup as shown in Figure 9. The experiate
implementation uses circuit configuration and dag in
simulation.

Figure 9. 3-Phase 2-Level AFE laboratory setup

The control system is composed of a main board
featuring a TMS320C6713 digital signal processoSRD
with 225MHz clock frequency and an auxiliary board
equipped with a field programmable gate array (FPGA
ActelProASIC3A3P40@ised for data acquisition and PWM
generation with 50MHz clock frequency. The experitaé
tests have been carried out using a controlled gincesoidal
voltage power supply manufactured by Chroma



(Programmable AC Sourcé151) and also using a 10(e) where the amplitude of current increases tduan
VARIAC (Variable Voltage Auto-TransformeEMV20E-3 increase in dc-link voltage. Despite this largeatin in dc-
connected with the mains. In figure 9 the experiraleng is  link voltage reference, the grid voltage shows adjo
powered through a VARIAC autotransformer, which isestimation even though the PCC voltage remainsntist.
connected to a power supply protection circuit asec of The supply current shows a small variation in THDnf
over-current or short-circuits in the system. Thewer 5.03% before the step to 5.96% after the step Hinkdc
supply protection is then connected to a threeghatuctor  voltage reference. Figure 10(f) shows the oscilpscresults
emulating the unknown grid inductance, shownlasin  for CHROMA supply voltage, supply current and theelidk
figure 4, with 3mH per phase. Measurements of gupplvoltage to a variation in dc-link voltage referencehe
voltages for data processing are taken at the point increase in the supply current amplitude and disodc-link
common coupling, PCC, after the grid inductance. A voltage can be seen in figure 10(f). When figure i40
converter inductance of 4.5mH per phasg,as shown in  compared with the simulation results of figure 7irerease
figure 4, is connected between tREC and the AFE input of ~1.5% in the supply current THD value can besdof his
and is known to the converter control. The AFEdetlled  is caused by parameter uncertainties like, for gtanpower
using the above mentioned DSP/FPGA structure ctéedec switching device voltage drop that have not beé&ertanto
to an interface PC, as shown in figure 9. The egton  account in the simulation. Thg.c andvyrigesthave ~17% and
algorithm is executed in c-code in the DSP andfollawing ~2.7% THD values, respectively. Figure 11 showsdselts
the procedure presented in (28)-(33) where, afilrutation  for the case when the system is supplied by thensnai
of each of the termaA,,, AAy,, AAgy, DAy, AByy, ABy,,  through a VARIAC. At time 0.55s, a step in inputitage
ABg, andABg, in (31)-(33), they are substituted in (28)-(30) from 3_3V to 100V was introduced using the_ VARIAChiQ’
for calculation of the terma, BandC. The termsA, Band ~ Operation changes the VARIAC built-in inductance
C, are then substituted in (34) to obtain the estchaalue ~9generating an increase in the total system inpadtance
of total inductance. The total computation timeuieed by ~ from 7.5mH to approximately 8.3mH as estimated Ioy t
the algorithm, including control and estimation tioes, is ~ &/gorithm and shown in Figure 11.
~43ys for an interrupt time of 50ps. This means that the mismatch between the supply
The experiments for the proposed inductance estmat inductance and the converter input inductance ¢seased
have been carried out both in steady state andsiérn from 66.67% to 85%. Moreover, it has been noted, tha
conditions. That includes a 500VAR variation inatéze  considering the small sampling time of the
power reference, 35V variation in DC-Link voltagdarence  control/estimation algorithm with respect to thendgics of
and also a 67V variation in the supply voltage whiee eventual variations ofLs or supply voltage in a real
VARIAC is used. The estimation results show a goodscenario, imposing constant magnitude wofiq and
behavior even in the presence of these variatigigsire 10  consideringLs constant between two sampling intervals,

shows an experimental test where the Chroma votagply  goes not cause any uncertainty in the estimationgss
was used. In Figure 10 (a), the reactive power vaged

from OVAR to 500VAR and the system is required to  Due to laboratory safety reasons, the tests wete n
estimate a supply inductance lof=3.0mH for a total line  conducted for higher supply inductance values; hvewehe
inductance ofL=7.5mH The reactive power follows the Simulation and practical results shown supportpteposed
requested change and the inductance estimatiororrésp Mmethodology. The effect of capacitance on the tréssion
very well to this condition too. However, a veryalhsteady line has not been taken into consideration in tfepgsed
state error of ~50VAR can be seen on the reactowgep.  estimation algorithm. Since the effect of capacitaappears
This is due to the presence of ripple on the esticha at high frequency, its presence will not have anificant
inductance, effect of mutual inductance on thesmsiasion  €ffect on the estimation algorithm since the funeatal
line, other parameter uncertainties and model eligation ~ frequency of the power system is 50Hz.

errors that have not been compensated. The conesp
results in Figure 10(b) show the distorted measir&L V“I'. CONCLUSION .
voltage, the estimated grid voltage and the quasissidal In recent years, grid-connected converters haveegdai

supply current with a THD value of 5.31%. Figure(c)0 Ppopularity particularly for renewable energy system
shows the oscilloscope results for the CHROMA syippl integration, where in some cases the grid is rifff ke
voltage, supply current and the dc-link voltage whe Weak micro grids. qull grid parameter variationghese
reactive power variation of 500VAR occurs. Figuig(d) systems can substantially affect the performancethef
shows the test results and estimation resultsércéise of a converter control. This grid parameter variatiom cae
35V step in the dc-link voltage reference. The idk-l regarded as a variation in the grid impedance, hvhisc
voltage responds to this reference variation andass the ~Mmostly dominated by variation in grid inductancaetflefore,
estimated inductance for the saingand Lc values as for this paper presents a novel MP-DPC algorithm where
reactive power variation. Since in an active fremd the variations in grid inductance are estimated oniné used to
exchange of power is between the AC side and DE€, sidupdate the inductance value in the control syst&te
increasing the dc-link voltage reference esseptiattans the increase invie ripple along with the variation in supply
supply current is increased as well. This is shawRigure inductance can greatly affect the predictive cdntro



performance. Estimating the variation in grid indunce
allows an estimation of the grid voltage inside toatroller

so that they,.c can be updated at each sampling interval for

better quality operation. Though the system in Fagl has
been tested consideringiq is from a low voltage substation,
the proposed algorithm can be easily adapted ardifiewd
to be used for general supply impedance estimati@aium
or high voltage applications. The algorithm is aksasily

Inductance (mH)

Voltage (V), Current*3 (A)

adaptable in the case of any topology of grid cotete
converters, PV applications, variable load on tis&riution

aetwork or in the case of a different grid conrmttike for

example the use of LCL filters. The estimation aggh has
been integrated within the model based predictiwetrol,
thus making the estimation and control effectived an
efficient. Simulation and experimental results supphe
proposed methodology.
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