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ABSTRACT

Harmonic pollution of the electrical mains is well known and well-studied phenomena. Active power filter being a
powerful tool to meet the requirements of regulatory documents regulating the electricity quality. Despite this fact,
practical implementation of the active power filter is still connected with significant difficulties. In particular, existing
systems typically use fast Fourier transform methods or instantaneous power theory to estimate the harmonic composition
of the mains current. However, the use of fast Fourier transform requires high computing power of the control system, and
the implementation of the theory of instantaneous power significantly increases the requirements for the power part of the
active filter. The application of another approach - selective compensation of harmonics, makes it possible to reduce
computational requirements and significantly simplify the technical implementation of the active filter and at the same
time to achieve an acceptable level of distortion compensation. In this paper, the shunt active power filter control system is
designed and investigated. Proposed control system consist of selective harmonics observer, feedback-linearizing current
controller, dc-link controller and mains voltage observer. Harmonics observer is tuned according to simplified approach,
provides selective estimation of the load current harmonics and produce the compensation current reference for the current
controller. Nonlinear dc-link voltage controller guarantees decoupled from current compensation process asymptotic
regulation of the average dc-link voltage. Mains voltage vector adaptive observer provides magnitude, angular position and
frequency estimation. Proposed control system is implemented on digital signal processor TMS320F28335 end verified
experimentally. Results of experimental investigations together with results of simulations confirm effectiveness of
proposed solution. Developed control system can be used for shunt active filters implementation.
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INTRODUCTION prevalence have shunt active power filters (SAF),
designed for current harmonics and reactive
power compensation, Fig. 1.

From the control point of view, there are three
main SAF control tasks: high order current
harmonics estimation in order to obtain
compensation current reference; compensation
current control loops design in order to provide
proper injection of the compensation current into
distorted mains; SAF dc-link voltage control in
order to maintain SAF stability and possibility to
generate compensation current.

Fast increasing quantity of non-linear
electrical consumers in modern electricals grids
leads to significant current harmonic distortions
which has negative influence on grid equipment
and different electronic devices. In order to
resolve this problem the policy of limitations on
permissible level of current distortion is applied
[1]. In order to meet power quality standards
final customer should be use special power
filters, passive or active. The traditional passive
filters have well known significant limitations for
higher harmonics compensation [2] and therefore 1. LITERATURE OVERVIEW
starting from 1990-th the active power filters are
considered as more preferable tool for power
quality improvement. A great number of
publications and researches are devoted to this
problem [3-4], [5-6], [7]. Among all confi-
gurations of active power filters a wide

Despite a presence of numerous commercial
active power filters, their design is still
characterized as a complex and expensive task,
because high performance SAF operation
requires high computation power, high-quality
power electronics and measurement devices. In
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design process and total SAF cost the
approach of selective harmonic compensation is
proposed [8-9]. Due to this approach only the
most critical current harmonics should be
estimated and compensated. After such
compensation mains current waveform may have
still non-ideal sinusoidal shape, but requirements
of the power quality standard will be fulfilled. As
it is shown in [10-11], [12] the most critical
harmonics are 5th, 7%, 11% 13™" 17" 19" and
have to be compensated in selective mode.
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Fig. 1. Functional diagram of the shunt
active filter

Source: compiled by the author

In order to provide selective detection of
current harmonics the most widespread approaches
are: implementation of Band-Pass filters and
Discrete  Fourier transformation in stationary
reference frame or in synchronous reference frame
oriented by line voltage vector, multiple rotating
reference frame approach [13].

A problem of the current control loop design
for compensation current generation is not widely
described in the present literature. In most cases
hysteresis controllers [14] or simple “high-gain” PI
current controllers [15-16], utilized for compen-
sation current reference tracking. An approach for
multi-loop  current tracking improvement is
presented in [17].

Important key point of SAF operation is
keeping the dc-link voltage in the admissible range
in order to avoid SAF instability. In general case, the
dc-link voltage control is provided by means of
independent voltage control loop with linear PI-
controller [18]. But such approach does not provide
full decoupling of current tracking and dc-link
voltage control, because the derivative of dc-link
voltage regulation current component is unknown
and could not be compensated in current controllers.
Implementation of the approach presented in [19]
requires additional source of energy.

In previous papers [20-21], [22-23] authors
design selective current harmonics observer, current
controller, dc-link voltage control loop as well as

mains voltage vector observer. All these control
structures and observers are designed and
investigated separately. The goal of this paper is to
present results of the development and investigation
of combined SAF control system which is based on
the previous author’s results [20], [21], [22], and
[23].

2. PROBLEM STATEMENT
As it is shown in [24], according to Fortescue’s
theorem, consisted of N harmonics symmetrical load
current i = (i .ig )’ in line voltage oriented
reference frame (d-g) may be presented as:

N

iLd = Z( Xaph T Xann ):
(L)

N
ILq = Z( quh + anh )!
h=1

where X, =(Xgp  Xoon +Xgn  Xqn )| — POStive (p) and
negative (n) sequences projections on d and q axes,
h — harmonic number in (d-q) reference frame,
h=k-1 for positive sequence, h=k+1 for negative
sequence, k — harmonic number in (a-b) reference
frame.

Note that 1%t harmonic in (a-b) reference frame
correspond to dc-signals (Xdo,xqo) in (d-q)
reference frame.

SAF is a voltage-source inverter with inductors
L for filter currents i,,iz,i. shaping by means of
applied inverter voltages.

In Ommoka! McTOYHUK CCHIJIKH He HalaeH.
the following notations were used: u,,ug,uc

mains phase voltages; i, is mains currents vector;

m

i asc =(iasis i e )T — load currents; V. — dc-link
voltage, R is equivalent filter and line resistance.
Mains voltage vector observer provides information
about grid voltage vector magnitude U, its angular

position &, and frequency @,, .
Power filter averaged model is defined as [15]:

in=(Us— PaVy —RiL)/L,
is =(Us — PV, —Rig )/L,
ic =(Uc — PeVy — Rig )/L,
Vo = (iaPa +igPg +ic Pc )/C,

)

where: dx/dt=X, p,,pgs,P. €[01] are control
inputs for inverter; C — dc-link capacitance.

A system (2) can be presented in line voltage
vector oriented reference frame (d-g) as
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where: 1=(iy,i, )Y — is a SAF current vector;

p =( P+ Pq )T is a control vector.
The current balance for SAF is

i=i, i, (4)
where i, =(iq.i,,)" is mains current vector.

The aim of the SAF is to compensate reactive
current component x,, together with higher order

harmonics, such that mains current should contain
only active current component x,,. At the same
time, dc-link voltage has to be kept in the admissible
range for avoiding the SAF instability.
Assume that:
a) dc-link voltage V, , load current i, and SAF
currents i are available for measurements;
b) inductance L >0 and R>0 are known and
constant;
The control objectives are defined as
!'_[E g = Xgon + Xah»
!Lrg iq = Xq0 + Xgpn + Xgnn 1+ (5)

limV, <A,

tow
where: V,_=V2 -V,? is voltage regulation error,
V. =const is dc-link voltage reference; A — voltage
regulation errors admissible range.

3. LOAD CURRENT HARMONICS
ESTIMATION

From (1) and (5) the current references are
constructed as:

" ©

20+ (Reon + Ry )

A

where: X, is estimate of X , and Xy, Xy Xgon X

gph * “gnh

are estimates of X, Xy s Xqon 1 Xqn Obtained from the
Luenberger observer [24], given by:

x=A%-K,[i, -C%], )

Lo (Y S s o T
where: X = ( Xy Xgon +Xgon 1 Xqn ) »

0 -w, 0 0 Kk, —ky,
A <] 0 o0 .= o |

0 0 0 a Ky Ky,

0 0 -w O —k,, -k,

1010 :
} k, — observer gains; «, —

C“[2’4]:{0 101

harmonic angular frequency.

It is shown in [20] that equidistant to the
imaginary axis poles arrangement ensures that the
estimation of each harmonic attenuates with the
same speed. Such observer tuning provides
selectivity  properties and high estimation
convergence rate.

Having formed the given position of the
observer poles as

—I— jo,

-+ jo,

P= ) @)

-+ jo,

—I— jo,

where r is the real part of complex number, j=v/-1.
The gains ky,,k,, of the observer matrix K, are

calculated in Matlab by the function place().

Since observer (7) does not provide the
estimation of direct current components, the active
and reactive current components x,, and X, are

obtained from low pass filter
A 1a ~1:
Xgo =T Xgo + 75 1ig» ©)

Lg?

S g -1;
Reo =—T1 Rgo + 71 1

where time constant 7, is chosen to provide

negligible values of higher order harmonics.
Note that derivatives of the estimated

components Xy, Xy + X 1 Xqn @NA X, are known
functions.

4. CURRENT AND DC-LINK VOLTAGE
CONTROL ALGORITHM

4.1. Current controller

In order to achieve harmonic compensation, the
SAF output currents should be formed as the sum of
the existing harmonic distortion components and
reactive load current component with the opposite sign.

As it is shown in [21-22], one can apply
feedback-linearizing controller for current regulation
in the following form:
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where v =(v,,v, ) are control actions described as

—L(Rh‘Hd ki1i~d+zdj1 =—kyly.,
11
R P P 1

v, =L I|q+|q— alg T2 | =—k;l,.

In (11) z,,z, are current controller integral

terms, k, >0, k; >0 are proportional and integral

gains of current controller, i, =i, —iy , i, =i, —i; are

current regulation errors, iqh — derivatives of

i
current references.
After substitution of (10), (11) in (3) we obtain

the equation of currents error dynamics

Zd = _kiii;j 1 (12)
iy = —k.ﬁ, +24,
k"Iq,
(13)
I, = —kilq +2,,

where k =R/L+k;.
The resulting dynamics of each current loop is
given by the linear 2™ order system (12), (13) which

are asymptotically stable Vv (k,.k;)>0, hence

lim(i, z,)=0, lim(i,.z,)=0. Since harmonics

t—oo a'a
observer (7) is asymptotic, therefore for the mains
currents we have limi_ _Ilm( L — g ) =Xqo.

t—oo
tI|m| _!im(iLq —iq):O, i.e. the control objectives
of higher harmonics and reactive power
compensation are achieved.
4.2. SAF dc-link voltage controller

For the stable SAF operation it is required to
maintain the dc-link voltage V,, in the permissible
range, at the same time injecting the compensation
current for harmonic distortions.

Taking into account (10), the voltage dynamics
can be written as [23]

3
2C7,

o = (iU = igVy —igVy ) - (14)

The voltage regulation error dynamics under
conditions !Lrpo(id 24)=0, !Lrpo(iq ,2,)=0 is given by

\7d — gV, (15)

=%(i;um -iv,).

Define iy =iy, +i,, and i, =iy, where i, is a

reference for dc-link voltage stabilization current,
and rewrite (11) and (15) as

R. R. &« .
Vg =L Ildh+tldc>+ldh+ld¢‘ '

ffic)

Vdcz%((u Rldc) o —Li i, +U i,

(16)

—2Ri" i

dc dc de'dn

~Lil, i

qh qh -

~Lil, i,

- .
Iy — Lig dh' dh

o
- lec dh dh'de

~Riz —Rig ).

17)

In equation (17)
R0, Uil Ul Uiy,

the components
Lil i,

gh'gh
average values for the period in quasi-steady state as
far as i, are sinusoidal signals. Components Ri,;,

Ri; have non-zero constant average values for a

period, and therefore they need to be compensated
by voltage controller action.

To simplify further development we rewrite
(17) in compact form

Umidh'
have null

\7dc=%((u —Ri} )i, —Li i, (18
+ fo (g ign )+ T (g ign ),
where
f(dh,qh) Ui, — 2Ri i, —
— Lig iy, — Lij, iy, — Lig,i, —Li, i, (19)
f (.;ﬁ,;ﬁ) —Rig —Rig.

In (18) a reference current i, is the control

action for nonlinear dc-link voltage dynamics. For
partial linearization of (18) we apply the following
nonlinear transformation

n=(U,
whose derivative is
7 =(U, —2Ri, )i,

Substituting (20) into (18), we obtain:

2(77 lecdc+f (dh’qh)+f (

—Ri )iz, (20)

(21)

A i707)).22)
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The desired dynamics of variable 7 can be

constructed from (22) in the form of a Pl-voltage
controller with a low-pass filter:

.1k 1
n=——n-—"Vy +—x,,

Tdc z-dc Tdc

Xv k Vdc'

(23)

where: k, >0, k, >0 are proportional and integral
gains of voltage controller; x, — voltage controller
integral term; 7, — filter time constant.

The linearized dynamics of (22) and (23) with
Liy 1, + f (dh, qh)+ f (dh, qh) 0 is a linear third-

order system which always can be designed as
asymptotically stable by proper selection of the three
tuning parameters k,, k, and 7, .

To obtain desired dynamics of (23),
equation (21) is solved for i, in the following form:

" :_T_tcum—;zm;(n_ kV, + xv),
X, = _kvi\idc'

From (24) and (20) it follows that internal
nonlinear dynamics of i, is stable provided that
(U, —2Riy, )>0.

Nonlinear dynamic voltage controller (24)

guarantees: a) partial linearization of (18); b) integral
term x, provides compensation for constant average

(24)

value of f (ldﬁ qﬁ) ¢) information about derivative

I,. needed for d-current controller (16).
If filter time constant 7, is selected small
enough, then quasi-steady state solution of (23) is

n:_k\idc+xv’

25
Xv k Vdc’ ( )

and reduced second-order system (22), (25) with
Lig i, + f (d,,,qh)+f (dh, h) 0 is asymptotically
stable vV (k, .k, )>0

Tuning of the closed-loop system (22), (23) by
selection of the four parameters (C, k,, k, and

5. MAINS VOLTAGE VECTOR OBSERVER
DESIGN

For the practical implementation of developed
SAF control system, the information about line grid
voltage vector magnitude Up, angular position &,

and frequency o, is required. Generally Uy and o,

are not constant parameters and can be slowly
varying in time. In order to overcome this problem
and reduce influence of measurement noise we
propose to use the voltage observer, designed in this
Section, which is adaptive to unknown angular
frequency o, .

The vector of grid voltage in (a-b) reference
frame is defined by

) (o) o

Assume that voltage vector components u,,
and u,, are available for measurement, o, is

m

(26)

unknown parameter, (u,,,U,,.®,) are bounded.

Under these assumptions it is necessary to design
adaptive observer which guarantees

!Lm.o(ama Uy @ ) =0, (27)
where: U =Upg —Uas Uy, =Upp — Uy
@, =, —®, are the estimation errors; 4., U,,,
@, — estimates of wu u and o

m ma ! mb m

correspondingly.

The signals (26) may be presented as a
solutions of the following dynamic system:

L:Im a)mumb ’ uma (O) :Um ’ (28)
umb = a)muma

For dynamic system (28) we design the
following adaptive observer

A

Upa = =@ Upy + KU

U, =@, + K0

u~'mb?

7/u( ma mb umbuma)'

(29)

where: k, and y, are the tuning gains.

According to (28) and (29) estimation the
errors dynamics becomes

7,.) should provide the acceptable voltage

regulation dynamics tqgether with filtering of the G, =—ao,u, —k,a,.,

high frequency harmonic perturbations, generated by . - -

fo (i icg ). 1, (i22,i22) terms. U = Bplne =K, U, (30)
a~)m = 7u (amaumb l']mbuma)
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For stability proof of the system (30) let us
consider the following positive-definite Lyapunov's
function

1
V==(0% +0% +7.'d%). 31
2( ma mb 7u m) ( )

The total derivative of

trajectories of (30) is

(31) along the

V =k, (02, +02,). (32)
Hence, the positive-definite V , given by (31),
is a Lyapunov function.

From (31) and (32) it follows that (U, .0,,,.@, )

mb *™m

are bounded. Therefore for bounded (u,, .U, @, )

ma ' 'mb *~“m

uAmb ’Cbm)

estimates (L] are bounded as well.

ma !
Furthermore, ~ derivatives (G, i,,) are also
bounded.

Due to der:—[V (t)-V(0)]/k, <V (0)/k,

U, (t).0,, (t) are square-integrable, and have
bounded  derivatives. Applying the Barbalat’s
Lemma [25], we have limd,, =0, limd,, =0.

t—

t—o0

System (30) can be presented in the following
standard form:

4, =A,0, +T,(t)a,,
. (33)
o, =-y,[,(u,,

where: 0, =(0,a,00) 3 To=(-Upa Uy )i A, is @

Hurwitz matrix.
The persistency of excitation conditions for
system (33) are:

t+T
[T, (o)1, (z)dz>0, T>0, vt=0. (34)

t

Since Fu(t),fu(t) are bounded, an equilibrium

(U »Up @y, ) =0 Of (30) is globally exponentially

stable [25]. Therefore, objective (27) of asymptotic
estimation are achieved. Condition (34) is equivalent

to (u, +u?,)>0, ie. voltage vector magnitude
should not be zero.

Coordinate transformations between (a-b) and
(d-g) reference frames is performed using

6. SIMULATION RESULTS AND
EXPERIMENTAL STUDY

6.1. Test conditions

Harmonic observer (7) and adaptive line
voltage observer (29) are implemented on floating-
point 32-bit DSP TMS320F28335 and verified
experimentally, while complete SAF dynamics has
been investigated by simulations.

During experiment line grid voltage with
magnitude U, =230 V and angular frequency

@, =314 rad/s as well as phase currents are measured

by Hall-effect sensors. Non-linear load is represented
by a bridge rectifier with capacitance dc-link filter and

chopper for load current regulation. Sampling time
during experiments is set to Ts =75 us.
SAF  parameters are: R=0.12 Ohm,

L=3 mH, C=1000 pF, and dc-link reference
voltage V, =700 V. Initial dc-link voltage is
V4 (0)=540 V. Current controllers gains are
selected as k, =800, k,=320000, voltage
controller gains are k, =0.03, k, =0.8, and time
constant of the dc-link voltage controller filter is set
as r,, =5-10" s, r; =0.1s. Tuning coefficients and
initial conditions for voltage observer were set to
k,=850, =4, U,(0)=0, 4,(0)=0,
@,(0)=0.
6.2. Mains voltage observer performance

Experimental transients of line voltage vector
estimation are shown in Fig. 2. As it follows from
Fig. 2, the proposed adaptive observer provide fast
asymptotic estimation of wu_u, and a,.
Convergence time is approximately 0.012 s, which
is smaller than period of line grid voltage.

Voltage estimation error @, V Voltage estimation error 0, V

200 200
100 100

0 \ 0 AN
-100 -100
-200 -200

0 002 004 006 008 ts 002 004 006 008 ts
Angular frequency estimation error @, , rad/s Estimation 0,,, V

N\ A A\ N\

300 200

=

wn NN N
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AN RVAVIANIAY
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o\ V VI VIV
0 002 004 006 008 ©s 0 002 004 006 008 ts
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\

Fig. 2. Transients during estimation of Uma,

a . G A - - Umb and om
COS(&‘O) = ija , Sln(é'o ) = ljmb Uy = \/Urzna + Uib . Source: compiled by the author
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6.3. SAF control system performance

Standalone harmonic observer (7) was tuned for
estimation of harmonics with order 5, 7, 11, 13, 17, 19
and verified by simulations and experimentally in real-
time. It is established, that simulation results under
recorded experimental data are the same with
experimental results in real-time. Due to this fact,
complete SAF dynamics has been investigated by
simulations using recorded arrays of experimental data.
The initial time interval is given to establish the dc-
link voltage, at time t=0.6 s starts estimation of
reactive current, at time t=1 s SAF is activated to
estimate harmonics and compensate reactive power
and harmonic distortions. Transients for this test are
shown in Fig. 3.

Mains voltage (V*15) and

load current (A) Mains voltage (V*15) and current (A)

40 — i - Uat 40 ‘[_ ina —==-- Ua
»1 N N N D S NS N
; || S| (| . 4 Y 4 \ \
...,
W g ARV ARV ERW IRV |
20 1 1 4 1 20 ] i H i i
1 i BN« B i D U A B
1.38 1.4 142 144 146 t,s 1.38 1.4 142 144 146 ts
Estimated active current (A) Estimated reactive current (A)
20 10
15
o 5
10 N
/ 0
5 /
0 -5
0 0.3 0.6 0.9 1.2 tts 0 0.3 0.6 0.9 1.2 ts
DC-link stabilization current (A) DC-link voltage stabilization error (V)
20 60
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10
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oll~ ~ ofi A
-20 f i
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5 5

0
1357 9111315171921 23
Harmonic number

0
1357 9111315171921 23
Harmonic number

Fig. 3. The transients of SAF operation
Source: compiled by the author

From the analysis of the mains voltages and
currents, load currents and their FFT characteristics
presented in Fig. 3, it follows that harmonic distortions
in mains current with order 5, 7, 11, 13, 17 and 19 are
significantly decreased due to SAF operation. Other
harmonics, existing in the load current spectrum are
not compensated and have the same magnitude in
mains current spectrum. Despite the presence of these
uncompensated harmonics, mains current waveform is
very close to the sinusoidal shape. Phase shift between
mains voltage and current is close to zero, hence
compensation of reactive power is also achieved. From
the current tracking errors transients it can be
concluded that asymptotic current regulation is
achieved. From dc-link stabilization error dynamics
one can found out those high frequency components in
dc-link voltage are small enough and correspond to
acceptable range.

CONCLUSIONS

Complete SAF control system is designed and
experimentally verified. Harmonics observer is
tuned according to simplified approach and provides
fast selective asymptotic estimation of the load
current. The proposed tuning approach greatly
simplifies technical implementation of the SAF due
to reducing requirements for the computing
performance of the controller and power electronics
quality.

Harmonics observer generates the compen-
sation current reference for the current controller,
which provide asymptotic current tracking.

Nonlinear dc-link voltage controller guarantees
asymptotic average voltage regulation and allows to
keep the dc-link voltage in admissible range.
Reconstruction of the current reference derivative
results in full decoupling of current control loop and
dc-link voltage control loop so dc-link stabilization
current do not influence on the harmonics
compensation process.

Adaptive observer of the line voltage vector
provides information about its magnitude, angular
position and frequency.

Effectiveness of the designed system is proved
by simulations and experiments.
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) HartionanbHuil TexHiunui yHiBepcuTeT Ykpainn «KuiBchbkuii mostiTexHiunmii iHncTUTYT iMeHi Iropst CikopchKkoroy,
npocr. [Tepemoru, 37, Kuis, Ykpaina

AHOTALIA

['apMOHIYHI CIIOTBOPEHHS B ENICKTPHYHUX MEpexax € A00pe BiIOMUMH Ta JOCTAaTHHO BUBUCHHMH sBUIaMU. CHIOBUI aKTUBHHUN
GinbTp BH3HAHO ePEeKTUBHUM 3acCO00M JUIS 33[0BOJICHHS BHMOT HOPMAaTHBHHX JOKYMEHTIB, IO PEryTIOIOTH SIKICTh €IeKTpOeHeprii.
HesBakatoun Ha mei ¢akT, IXHS MpaKkTHYIHA peatizamist Hoci MOB’s3aHa 31 3HAYHUMH CKJIAJHOCTSAMHU. 30KpeMa, B ICHYIOUHX CHCTEeMax
JUISL OLIHIOBAHHS TapMOHIYHOTO CKJIAy CTPYMY MEpeXi, Ik IPaBHIIIO, BUKOPHCTOBYIOTHCSI METOJM Ha OCHOBI IIBHJIKOTO IIEPETBOPEHHS
®Dyp’e ab0 MeTOAM HAa OCHOBI TEOPii MUTTEBOT MOTYXKHOCTI. [IpoTe BUKOPUCTAHHS MIBHIKOTO NepeTBopeHHs Dyp’e BUMarae BHCOKOL
00YHCITIOBANIBHOT 3/IATHOCTI CHCTEMH KEPYBaHHS 3 OJIHi€l CTOPOHH, a 3aCTOCYBAHHS TEOPii MHUTTEBOI MOTYXKHOCTI 3HAYHO IiJIBHILY€E
BHMOTH /IO CWJIOBOI YacCTMHHM aKTHBHOrO (inbTpa. 3aCTOCYBaHHS IHIIOTO ITIXOAY — CEIEKTUBHOI KOMIIGHCALil TapMOHIK, Ja€e
MO>KJIBICTh 3MEHILIUTH BUMOTHY JJO O0YHCITIOBAIFHOT MOTYXKHOCTI Ta 3HAYHO CIIPOCTUTH TEXHIUHY peasti3allilo akTHBHOTO (iibTpa i mpH
[IbOMY JIOCSTTH MPUHHATHOTO PiBHS KOMIIEHCALIl CIOTBOPEHb. B CTATTI MpeCcTaBIeHo pe3ynbTaTi pO3pOOKU Ta TOCIIPKEHHSI CHCTEMH
KepyBaHHS CHJIOBUM aKTUBHUM (iITPOM. 3ampoIOHOBaHA CHCTEMa KePyBaHHs CKJIAJAEThCS 13 CEICKTHBHOIO CIIOCTEpiraya rapMoHik,
JIIHEapU3yI04oro 3BOPOTHUM 3B’SI3KOM PEryJsaTopa CTPYMiB, PETyIIITOpa HAPYTH JIAHKH MOCTIHHOTO cTpyMy (iTbTpa Ta crocrepirada
Hanpyru Mepexi. CrocTepirad rapMOHIK, SKHH HaJalITOBAaHO BIIIOBIAHO 1O CHpOILIEHOI Npolexypu, 3a0e3ledye CeleKTHBHE
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BUSIBJICHHSI BHIIMX T'apMOHIK CTpyMy Mepexi Ta (opMye 3aBIaHHS Ha CTPyM KOMIICHCALlii, SIK€ BiQPAlbOBYEThCS DPErYISTOPaMU
crpymiB. HeniziiiHuii perynsrop Hanpyryu 3abe3nedye aCHMITOTHYHE PEryJIIOBaHHS CEPEAHbOrO 3HAUYCHHS HANPYTH JIAHKU MOCTIHHOTO
ctpymy CA®, po3p’s3aHe 3 MpolecoM KOMIIEHCAllii CTpyMiB. ANANTHBHHUM CIIOCTepirad Hampyrd Mepexi Hamae iH(pOpMamlilo Ipo
aMILTITYAy, 9acTOTy OOEpTaHHS Ta IOJIOKEHHS BEKTOpa HANpPyrH Mepexki. 3almpoloHOBaHY CHCTEMY KEpyBaHHS peai3oBaHO Ha
mppoBoMy curHadbHOMY Tpomecopi TMS320F28335 Ta mocmipkeHO — eKCIIepHMEHTAIbHO. Pe3ynbraTH eKCIepHMEeHTAIBHUX
JIOCTI/DKEHb Pa3oM i3 pe3ysibTaTaMi MOJEIIIOBAHHS IMiATBEPKYIOTh €eKTUBHICTD 3allpOIIOHOBAHOTO pimleHHs. Po3pobiena cucrema
KepyBaHHS MOke OYTH BUKOPHCTAHOIO JUISI CTBOPEHHS CHIIOBHX aKTHBHUX (PLIBTPIB.

KonrodoBi ciioBa: crmmoBnit akTHBHHI ITBTp; PEryiIsaTOp HAaNpyTH JIAaHKH ITOCTIHHOTO CTPyMy; TapMOHIYHI CIIOTBOPEHHS;

CeJIEKTHBHA KOMIICHCAIlis TapMOHIK
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