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CALCULATION AND DESIGN OF A ROBUST SPEED CONTROLLER
OF A FREQUENCY-CONTROLLED INDUCTION ELECTRIC DRIVE

Purpose. The aim of the work is the calculation and design of a robust speed controller of a frequency-controlled induction
electric drive with parametric uncertainty and the presence of interferences in the feedback channel. Methodology. The
calculation and design of the controller was carried out in four stages. At the first stage, a linearized mathematical model of the
control object with parametric uncertainty was constructed and the transfer function of the Hoo-suboptimal controller was
calculated in the Robust Control Toolbox using the mixed sensitivity method. At the second stage, the stability of the robust
system and the accuracy of stabilization of the induction machine speed with random variations of the object's and controller's
uncertain parameters within the specified boundaries were explored. At the third stage, the influence of interferences arising in
the feedback channel on the speed of the electric motor was explored in the Simulink package. At the final stage, the transfer
function of the Ho-suboptimal controller was decomposed into a continued fraction using the Euclidean algorithm. This fraction
was used to build the electric scheme of the controller. Results. Computer modelling of the transfer function of Hoo-suboptimal
controller, the robust stabilization system for the speed of the frequency-controlled electric drive with random variations of the
uncertain parameters of the object and the controller at specified boundaries, as well as with the presence of varying intensity
interferences in the feedback channel, was carried out. The choice of variable parameters was carried out according to the
Monte-Carlo method. The curves of transient processes of the induction machine speed with parametric uncertainty and at
different ranges of interference are constructed, as well as a Bode diagram for an open system. By the scatter of the obtained
curves of the transient processes, the accuracy of speed stabilization of the machine was determined, and according to the Bode
diagram, stability reserves in the amplitude and the phase of the robust system were determined. They are within tolerances with
comparatively large deviations of the varied parameters and the range of interferences. Based on the investigations, an electrical
circuit of the Ho-suboptimal robust controller was developed. Originality. The mathematical model has been developed and the
methodology for calculating and designing of Hoo-suboptimal robust speed controller of the frequency-controlled system of an
induction electric drive with random variations of the uncertain parameters of the object and the controller at determined
boundaries and the presence of interferences in the feedback channel, ensuring the stability of the system with allowable reserves
of the amplitude and the phase and high accuracy of speed stabilization of the machine within the tolerances of uncertain system
parameters and interferences was proposed. Practical value. The obtained structure of the controller from analog elements makes
it possible to carry out modernization of the electric drives frequency-controlled systems in operation with minimal financial
costs. References 11, figures 7.
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Mema. Memow pobdomu € po3paxyHOK [ RPOEKMYBAHHA POOACMHO20 PeYyNAMopa WIGUOKOCHI cucmemu Yacmomuozo
YRPAGNIHHA ACUHXPOHHO20 €NIeKMPONPUEOOYy 3 NAPAMEMPUUHOI0 HEBU3HAYEHICMIO MA HAAGHICMIO NEPeuwiKod 6 Kamani
360pomnozo 36'a3ky. Memooonozia. Po3paxynok i npoexmyeannsa pezynamopa npoeooueca ¢ yomupu emanu. Ha nepuiomy
emani 0Oydyeanaca niHeapu306aHa MAMEMAMUYHA MOOeab 00'€Kma YnpaeniHHA 3 RAPAMEMPUYHOI0 HeGU3HAYeHicmIo i
pospaxogyeanacs ¢ nakemi Robust Control Toolbox nepeoasansna gynxyia Hoo-cybonmumanshozo pezyiamopa 3a mMemooom
Miwmanoi uwymaueocmi. Ha Opyzomy emani Oocnidxcysanaca cmiiikicmy podacmnoi cucmemu i mounicmsy cmadinizayii
WIBUOKOCMI ACUHXPOHHOT MAWIUHU NPU 6UNRAOKOBUX 8aAPIAUIAX HeeU3HAUEHUX napamempie 00'ckma i pecynamopa é 3a0anux
mexcax. Ha mpemvomy emani eusuascs ¢ nakemi Simulink ennue nepewtkoo, w0 6uHuUKaoms 8 Kanaii 360pOMHO20 36’4A3Ky, HA
wieuokicmo  enekmpoosuzyna. Ha 3axnounomy emani 6ukonyeanocs po3eunenns nepeoasanvnoi  Qynkuii  Hoo-
CYOOnmMuUManbHO20 pecyiamopa 6 J1anuio2o8y 0pio 3a anzopummom Eexnioa. Ila 0pio euxopucmosysanacs 0ns nooyoosu
enekmpuunoi cxemu pezynamopa. Pesynomamu. Ilpoeedeno komn'tomepne moodenioeanna nepeoasansnoi @ynkuyii Hoo-
CYOORMUMANIBLHO20 PecYyNAmopa, cucmemu podoacmuoi cmadinizayii WeuOKOCmMi 4acmomHo-pezynb08an020 el1eKmponpusoody
HpU GUNAOKOGUX 6aPIAUIAX HEBU3HAYEHUX NAPAMEMPIe 00'cKma i pezyiamopa é 3a0AHUX MeHCax, a4 MAKoMNC npu HAAGHOCHMI
nepewikoo piznoi inmencuenocmi é Kanaui 360pomHnozo 36'a3Ky. Bubip eapiiliosanux napamempis 30ilicHI08a8CA 34 MEMOOOM
Mounme-Kapno. Ilobyoosano Kpuei nepexionux npouyecié wi6UOKOCHI ACUHXPOHHOI MAWUHU 3 NAPAMEMPUYHOIO
Hegu3Hauenicmio i npu po3maxax nepewkoo, a maxoxc oiacpama booe onsa pozimknymoi cucmemu. 3a po3KuOOM ompumManux
Kpugux nepexioHux npouecie eusnauvanacsa mouHicmov cmaodinizauyii wieuoxocmi mawiunu, a no odiazpami bode — 3anacu
cmitikocmi 3a amnaimyooro i ¢azor pooacmnoi cucmemu. Bonu 3naxooamuvca 6 mexcax O0OnycKie npu NOPiGHAHO GENUKUX
6I0XUNEeHHAX 6apilioeanux napamempie i pozmaxax nepeuwtkod. Ha 6a3i npogedenux 00cnioxncenv po3pooneno eneKkmpuiHy cxemy
Hoo-cyponmumansnozo pooacmnozo pezynamopa. Hoseusna. Pospoonena mamemamuuna mooens ma 3anponoHoeana Memoourka
Ppo3paxyuky i npoekmyeannsn Hoo-cyGonmumansnozo poéacmmnozo pezyismopa wieudKOCHi CUCHEMU YACMOMHO20 YAPAGIIIHHA
ACUHXPOHHO20 €/IeKMPONPUEOJy NPU GURAOKOBUX 6aApiaWiaX HeGU3HAYeHUX napamempis 00'ckma i pezynamopa 6 3a0aHux
Medxcax i HaAGHOCMI NePeiKo0 6 KaHA 360POMHO20 36°A3KY, AKA 3ade3neuye cmiiiKicms cucmemu 3 3anacamu 3a AmMniimyooio
i ¢hazoro, wo oonyckaromuecsa, ma eucoKy mounicmv cmadinizayii weUOKOCMi MAUWIUHU 8 MeXHcaxX OONYCKi@ HeBU3HAYEeHUX
napamempie cucmemu i nepewikod. llpakmuune 3nauenna. Ompumana cmpyKkmypa pezyiamopa 3 anani0206ux e1emMenmis 0ac
MOHCAUGICIML  NPOGOOUMU  MOOEPHI3AUII0 CUCMEM UYACHOMHO20 YRPAGIIHHA eNeKMPONPUGOOie, W0 3HAX00AMbCA 6
excniyamauii, 3 MiniManbHuMu Qinancosumu eumpamamu. bion. 11, puc. 7.

Kniouogi crosa: eneKTponpHBoA aCHHXPOHHMIA, YACTOTHE YNPABJIiHHSI, POOACTHHI PEeryJisiTOp, eJIeKTPHYHA CXeMa.

Llens. Ilenvio pabomul Aenaemcea pacuem u RPOEKMUPOSAnUe POOACIMHOZO PeYIAMOPA CKOPOCHMU YACHOMHO-PeZyIUPYEMO20
ACUHXPOHHO20 IJIEKMPONPUGOOA C NAPAMEMPUUECKOU HEONPedeleHHOCINGI0 U HAUYUeM NoMex 6 KaHnaie oOpammuol céasu.
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Memooonozus. Pacuem u npoekmuposanue pecynamopa nposeoouncs é udemwvipe 3mana. Ha nepeom >mane cmpounace
JUHEAPU306AHHAA MAMEMAMUUECKASL MOOeTb 00beKma YnpasieHus ¢ RAPAMempuvecKoii HeonpeoeireHHoOCmblo U
paccuumviganace ¢ nakeme Robust Control Toolbox nepedoamounas ¢ynxyusa H, -cybonmumansvnozo pezynamopa no memooy
cmewiannoii yyecmeumenvnocmu. Ha emopom >mane uccinedoeanace ycmouiuugocms pooacmmuoil cucmemsvl U mouHOCMb
cmabdunuzayuu CKOPOCMU ACUHXPOHHOU MAUWIUHBL RPU CAYUALHBIX 6APUAUUAX HEONPeOe/leHHbIX NApamempos 00veKma u
pezynamopa 6 3adannvix zpanuyax. Ha mpemvem smane usyuanoce ¢ naxeme Simulink enuanue nomex, 803HUKAOWUX 6
Kanane o00pamuoil cea3u, Ha cKopocmv Inekmpoosuzamensn. Ha 3akniouumensnom srmane GvINOIHANOCL paznodicenue
nepeoamounon ynkyuu Hoo-cyponmumanvnozo pezynamopa 6 uenuyo 0pods no ancopummy Eexknuoa. Ima 0poods
UCNONb306aANAC, 0711 NOCHMPOEHUA IIeKmpuueckol cxemovl pezynamopa. Pesynomamut. IIposedeno kKomnwvlomephoe
Modenuposanue nepedamounoii pynkyuu H, -cybonmumanbHozo pecynamopa, Cucmemsvl pOOACMHON CAOUIUZAYUU CKOPOCMU
4ACMOMHO-PeZyIupyemozo INeKmpPonpueooa npu CAyyaiHbIX 6aApPUAUUAX HEONPeOeleHHbIX Napamempoe o0vekma u
pezynamopa 6 3a0AHHBIX ZPAHUUAX, A MAKMHce NPU HATUYUU ROMEX PATUYHOU UHMEHCUGHOCMU 6 KAHAe 00pAmHoil cea3u.
Buioop eapvupyemvix napamempoe ocywecmenanca no memody Monume-Kapno. Ilocmpoensl Kpugevie nepexoonsix npoueccos
CKOpOCMU ACUHXPOHHOU MAWUHbL C RAPAMEMPUYECKOI HEONPeOeNeHHOCHbIO U NPU PAIMAXAX NOMeEX, A MAaKxyice Ouazpamma
booe ona pazomkuymoit cucmemul. Ilo pazopocy nonyueHHbIX KpUBbIX NEPEXOOHbIX NPOUECCO8 ONPEOenANact MOYHOCHIb
cmabunuzayuu cKkopocmu mawiunvl, a no ouazpamme booe — 3anacel ycmoituueocmu no amnaumyoe u ¢haze pooacmuoi
cucmemsl. Onu naxooamesn 6 npedenax 0ONYCKO8 NPU CPAGHUMENLHO OONLUIUX OMKIOHEHUAX GAPLUPYEMBIX RAPAMEMPO8 U
pasmaxax nomex. Ha o6aze nposedennvix uccinedosanuii paszpadomauna rnekmpudeckas cxema H.,-cybonmumanvnozo
pobacmmuozo pezynamopa. Hoeusna. Paspabomana mamemamuueckaa Mooenv U npeodnoyHceHa MemoouKka pacuema u
npoekmupoeanua H.-cybonmumanvnozo podacmnozo pezyaiamopa CcKOPOCHMU  CUCHIEMbl YACHMOMHO20 YRPAGIeHUsA
ACUHXPOHHO20 IIEKMPONPUEOOA NPU CIYUAUHBIX GAPUAUUAX HEONPEOENeHHbIX NAPAMEmpo8 00veKma u pezyiamopa 6
3A0AHHBIX ZPAHUUAX U HATUYUN HOMeX 6 KaHale O00pAmHoll C6A3U, 00eCneuuearwas yCmoudueoCms Ccucmemsl ¢
00nyCcKaemMpiMu 3anacamu no amnaumyoe u (haze u 8bICOKYI0 MOYHOCHL CMAOUNUZAUUU CKOPOCMU MAWUHbL 6 NPeoenax
00NnycKo6 Heonpedenennvix napamempos cucmemovl u nomex. Ilpakmuueckoe 3nauenue. Ilonyuennas cmpykmypa pezynamopa
U3 AaHAN0208bIX INEMEHMO8 OAenl 603MONCHOCHIL RPOGOOUMDL MOOEPHU3AUUIO CUCHIEM HACHOMHO20 YRPAGIEeHUsA
INEKMPORPUEOOOS, HAXOOAULUXCA 6 IKCHIYAMAUUN, C MUHUMATbHBIMU pUHaAHCO8bIMU 3ampamamu. bubn. 11, puc. 7.

Kniouesvie cnosa: 31eKTpONpUBO ACHHXPOHHBIH, YACTOTHOE YIIpaBJieHUe, POOACTHBII peryasiTop, 3JeKTpuyecKas cxema.

Introduction. In frequency-controlled induction
electric drives operating in conditions of uncertainty, the
task of robust stabilization of the motor speed with a
given accuracy is essential. Several methods are known
[1-5], which are most often used at different times by
domestic and foreign scientists to solve this problem. Of
these, the method of synthesizing the stabilizing
H,-suboptimal robust regulator is most widely used. In
[6-9], on the basis of this method, a scientific research
methodology, a calculation procedure, and an electrical
circuit of a stabilizing H.-controller of the rotor flux
linkage control system for random variations of undefined
parameters at specified boundaries and interference in the
feedback channel are developed.

In the present work, this methodology is used to
construct a mathematical model as well as a method for
calculating and designing the electrical circuit of the
H,-suboptimal robust speed controller of the frequency
control system of an induction electric drive.

The goal of the work is the calculation and design
of a robust speed controller for the frequency control
system of an induction electric drive with parametric
uncertainty and the presence of interference in the
feedback channel.

Research methods and results. Figure 1 is a
structural diagram of the mechanical characteristic of the
control object linearized within the working area in the
input-output signal space [10, 11]. It contains the transfer
functions of a frequency converter with the transmission
coefficient Ky and the time constant 7y and a squirrel-
cage induction motor. An induction motor is represented
by a first-order aperiodic link with the stiffness module S
and the electromagnetic time constant 7., and an
integrating link with inertia moment J, taking into account
the inertia moment of the actuator reduced to the rotor
axis. The load torque (static moment of resistance) will be

considered constant and applied to the rotor in steady
state. Therefore, its increment M, at the working point of
the static mechanical characteristic is neglected. The
increment of the electromagnetic torque M of the motor at
the same point is taken equal to this torque [10, 11].

M
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Fig. 1. Structural diagram of an induction electric drive

We pass from the structural diagram of the object to
the equations of state in normal operator form:

1
w=—M;
P J
1 b
M =——M +—\oy, — o), 1
M == Te( 0~ @) (1)
1 K
Py =——"—wy+ fc U,
ch ch
where
2M
pee = @
DonS cr ZpWonScr

p is the Laplace operator; U is the control action; w, wg
are the angular speed of the rotor and the rotating
magnetic field relative to the stator, respectively; M, M,
are, respectively, the electromagnetic and critical torques
of the motor; s, is the critical slip; z, is the number of

pole pairs; # is the index of nominal values.

We introduce dimensionless quantities
xlzﬂ; xzzﬁ; x3=&; uzi. 3)

20 M n 20 Un
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We turn in equations (1) to dimensionless variables
(3). Then, taking into account (2), we obtain the following
equations of state of the object:

n

x| = Xy
px; Jo, 2
@on 1 w,
Xy =22, M .| — X3 ——Xo——X1 |; 4
pxp pcr(Mn3B2MnlJ (4)
K
PXy = ——— Xy +—— 1y,

ch chKfc n

Using equations (4), we construct a structural
diagram of the object in the state space (Fig. 2).
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Fig. 2. Structural diagram of the control object in the state space

In this circuit, for the uncertain parameters that are
most sensitive to changes in the object model, we take the
transfer coefficient Ky of the frequency converter, the
critical torque M., the stiffness module f, and the
moment of inertia J of the induction motor.

Suppose that the indefinite system parameters Ky,
M., p and J vary in the intervals:

K= Koo (14 pi, Ok, )5
Mo =My (14 pyr M, )5
B =P+ pgdp);
J=Jy(+pyd;),

where p Ky > PM, > Pp Py are the coefficients that take

)

into account the deviations of the relative values of the
uncertain parameters Sg ,8py , 8pand d,.

We replace each of the parameters (5) presented in
Fig. 2, by a structural diagram. As a result, we obtain a
structural diagram of an object with parametric
uncertainty, shown in Fig. 3.
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Fig. 3. Structural diagram of the control object
with undefined parameters

Let's pass from the structural diagram shown in
Fig. 3, to matrix equations of state in canonical form:
px = Ax + Byw+ Byu;
Z:C1X+D11W+D12M; (6)
y= sz + D21W+ Dzzu,

where
0 My 0
ann
A _|_ 2prnMcrn _ ZZpMcrn Zzpr nMcrn .
Mn ﬂl’l Ml’l '
1
0 0 -
L Tye
0 0 0 -py
B=| 0 0 2z,M ., pg 0 |;
p
ﬁ 0 0 0
L T i
i 0 0 0 ]
_ 2prnMcrn _ 2ijucrn 2prOnA/[crn
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Bsz{O 0 i}czz[l 0 of;
ch
00 0 0
00 2z,M..p 0 T
Dy, = premiP ; Dh=[l 0 0 0];
00 _pB
00 0 -py

Dy =[0 0 0 0]; Dy =[0];
x = (x1, X, x3)" is the phase vector; y is the one-
dimensional output vector along which feedback is
closed; z = (zj, z,, z3, z4)T, w = (Wi, Wy, Wi, w4)T are the
input and output uncertainty vectors, which are related by
the matrix expression w(p) = A(p)z(p) in which the
uncertainty matrix A(p) has a diagonal form.

The resulting system of equations (6) allows,
together with the weighting functions proposed in [4] for
quality control of a robust system, to calculate the transfer
function of the H,-suboptimal controller for a nominal
object in the Robust Control Toolbox package using the
mixed sensitivity method. For an induction electric drive
with MDXMA 100-32 motor with power of 3 kW,
parameters z, = 2; M, = 20.2 N'm; M, , = 48.5 N'm;
J,=0.013 kg'm?; w,= 148.178 rad/s; wo, = 157.08 rad/s;
S = 1.908 N-m/(rad/s) and a frequency converter with the
transmission coefficient K¢, = 1.06 rad/(V-s) and the time
constant Ty, = 10™*s, the calculated transfer function of the
H_.-controller turned out to be equal to:

2
+b,p+b
K(p)=—P*hopths g
alp +a2p +a3p+a4
where a; = 1; a 1.524:10°; as 1.261-10%
a, = 4729:10° b, = 3.53:10° b, 7.385-10°%;
by=5.681-10%.

Using the MATLAB commands, we attach the
robust controller (7) and the unit feedback encompassing
the «H,-controller-object» system to the object (4)
programmatically. Using the Monte Carlo method [4], we
study the accuracy of stabilization of the angular speed of
the machine and the stability of the resulting system with
random variations of the uncertain parameters of the
object K¢, M., in the range of +15 %, f in the range of
+30 %, J in the range of £25 % and the coefficients ay, a,,
a3, ag, by, by, by of the regulator (7) in the range of +15 %.

Figure 4 presents 20 generated transient curves of
the angular speed of the rotor of the induction motor with
a single spasmodic change in the signal at the input of the
system and a random selection of the uncertain
parameters of the object and controller from the given
ranges by the Monte Carlo method.

As expected, presented in Fig. 4 curves do not go
beyond the boundaries of the 3 % tube.

To study the stability of the system, we apply the
method of logarithmic frequency characteristics with a
random selection by the Monte Carlo method of the
indefinite parameters of the object and controller in the
given ranges.

L L L L L L L

01 02 03 04 05 06 07 fs

Fig. 4. Transients of the rotor angular speed

Figure 5 shows a Bode diagram with 20 generated
curves of amplitude L(w) and with 20 curves of phase
o(w) frequency response curves for the same parameters
what were used to calculate the curves shown in Fig. 4.

L(w),dB
50 e

=50 F

—100 R T ETH B S TTT! A T A T TT1 T A TT T B S S Trr|
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0

_90 L
-180
- 270 P T B S S TTT] B S S TTY S A T SR
102 10™ 10° 10! 102 10 s’
Fig. 5. Open system’s Bode diagram
From the amplitude L(w) and phase ¢(w)

characteristics presented in this diagram, it can be seen
that the system is stable, since the amplitude characteristic
crosses the abscissa axis earlier than the phase
characteristic, finally decaying, goes over the angle value
of —180°. In this case, the calculated value of the stability
margin in amplitude is 23.12 dB, and in phase — 31.75 °
for the nominal values of the parameters of the object and
the regulator with scatter of random curves not exceeding
4 dB for amplitude and 15° for phase frequency
characteristics.

We proceed to the construction of the electrical
circuit of the H,-suboptimal robust controller.

We decompose the transfer function (7) into a
continued fraction according to the Euclidean algorithm:
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where = 118.1.

The electric circuit of the controller corresponding to
the fraction (8) is shown in Fig. 6. When it was created,
well-known methods and rules for performing electrical
circuits were used.

RS

12

m
r
o
L
r
0
]
<

DAZ | |RS RE/ [ RT

Fig. 6. Electric circuit of a robust controller

The circuit shown in Fig. 6, is made in the form of a
four-terminal network and consists of a series-connected
the first passive four-terminal network with a capacitor
C1 connected in parallel, the second passive four-terminal
network with a resistor R1 connected in series and a
parallel capacitor C2, the third active four-terminal
network with a negatron of the negative resistance NR in
series, consisting of an operational amplifier DA1 and
resistances R2, R3, R4, the fourth active four-terminal
with a parallel connected negatron of the negative
capacitance NC, consisting of an operational amplifier
DA2, a capacitor C3 and resistors R5, R6, the fifth
passive four-terminal with a parallel resistor R7, and an
operational amplifier DA3 with resistors R8 and R9
connected to the output of the fifth four-terminal.

Parameters of its capacitors and resistors
Cl1 =284 pF; R1 =232 kQ; C2 =34 pF; R2 =252 Q;
C3=31.8 uF; R7=118kQ; R8 =1 MQ; R9 =1 kQ and
they correspond to the standard values of rounded
coefficients, fraction (8) when multiplying its numerator
and denominator by a certain constant number, and
R3 = R4 and R5 = R6 are chosen from design
considerations.

As calculations performed by the method of [7]
show, at such capacitance and resistance values, the
values of the coefficients a;, a,, as, as, by, by, by of
controller (7) do not go beyond the limits of the range
specified above £15 %.

In the robust control system, interferences can occur,
caused, for example, by sensor noise, connector pins,
electromagnetic fields, interference with the frequency of
the supply network and other reasons. A robust regulator,
as an element of this system, is known to be able to filter
these interferences. Therefore, the calculations of
transients of the angular speed of the electric motor were

performed at various values of the noise intensity in the
feedback channel of the frequency control system with a
robust controller. The calculations were carried out in the
Simulink package. A static motor load of 0.75-M, was
applied to the rotor of the machine in steady state.

The results of calculating the curves of transients of
the angular speed of the rotor, filtered by the robust
control system, for two different values of the generated
span of interference with a single spasmodic change in the
reference action are shown in Fig. 7.

ﬂ VAN
1.0 I[”]V SN ————
o8 ||/
"
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0.2‘

0 0.1 0.2 0.3 0.4 05 fs

[
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1.2
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0.8 -
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0.2
0.0
-0.2
-0.4
0 0.1 0.2 0.3 04 0.5 t,s
b
Fig.7. Transients of the angular speed w/m, with interferences

filtered by a robust system and a rotor load of 0.75M,,
at time 0.5 s: a — interference span of 10 %; b — 30 %

An analysis of these curves shows that the level of
interference filtering by the robust system largely depends
on the intensity of the interference span and in the steady
state it is within the tolerance range of +2.5 %, except for
the local area of the application of the M, load at 0.5 s.

Conclusions.

1. A mathematical model and a technique for
calculating and designing an electrical circuit of the H,-
suboptimal robust speed controller of the frequency
control system of an induction electric drive with random
variations of the uncertain parameters of the object and
the controller within the specified boundaries and the
presence of interferences in the feedback channel are
developed.

2. The results of modelling of transients of the angular
speed of the rotor according to the developed technique
confirm the high accuracy of stabilization with random
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variations of uncertain parameters at given boundaries
and low sensitivity to interferences in the feedback
channel.
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