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Takum 006paszoMm, TpUMeHeHHe BbIpaxkenus (7) 1mo-
3BOJISIET OCYINECTBUTH BBIUMCIICHHE WHTEPBAIBLHOTO HO-
mepa l,,,(2) Ha OCHOBE TOIBKO MOYJIBHBIX TPOLEIYD.

BoiBoanl: B xoie BBIMOJTHEHUS paboThl OBIT paspa-
6otran anroput™ Bbruucienus |l,,,(2), xapakrepusyio-
MIAACA MHHUMAJIbHBIMA CXEMHBIMH 3aTpatamu. Kpome
TOTO, MPOBEJICHHBIE MCCIIEAOBAHUS MMOKA3aJIM, YTO C YBe-
JIMYEHUEM Pa3PSIHOCTH BBIYUCIUTELHOTO yCTPOUCTBA
s¢dexTuBHOCTD anroputma (24) Bo3pacraer.
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ADAPTIVE ALGORITHM OF ROBUST CONTROL
FOR NONLINEAR NONSTATIONARY SYSTEMS
Krasnov 1.Y.

Tomsk polytechnic university;

Tomsk

Essentially important desirable property of adaptive
methods of synthesis of control agorithms is robustness,
which, in this case, is understand as tolerance of results to
changes of conditions of measuring. Robustness of algo-
rithms is achieved by means of indemnification of distur-
bances to which influence the object of control is ex-
posed. In the present paper the synthesis algorithm of
robust control for nonlinear non-stationary systems with
compensation of influence of disturbances and noises is
offered by parametrical adaptation of a regulator and res-
toration of the current condition on previous.

Assume, that the mathematical model of functioning
system is described by the system of nonlinear non-
stationary difference equations of akind [1]:

x(k +1) = &bk, x(k)) (k) + Bk, x(K)) u(k), x(0) = X, 1)

where x(k) — the m-dimensional vector, which compo-
nents define a state of the system in a step k; u(k) —

X"(j-1)=2%"(j)- Ak x(k)x"(j)-

u (- 2) = A" (k,x(K)ou, (1) +D0Q, X" (1) - Xue (K)),
(i)+DeR, u(k),

Uy (i-2)=u,(i)+B" (kx(k),
j=k+Ip, k+lp-1,.. k+1.

dimensional vector of control influences; Z\(k) — the
matrix of parameters of object of control with (n" n) di-

mension, 6(k) — the matrix of influence of control with
(n” m) dimension; X, — the initia condition of the sys-
tem at the moment of time t,; (t,, N) — the period of

simulation; the step k corresponds to the moment of time

=1, +
b =t +loDL, Dt — the period of quantization of a

signal ontime.
The cost function is[2]:
i Hpb
J= 0 gx )5, Ax(t) - % (t)) +
U ()R u(t) + " () Ry () Bk
2
where [tk’tk +|p>Dt] — dliding interval of optimization

of predicting model of akind:
X"(j +1) = Ak, x(K)) %" (j) +B(k, x(K)) k),
j=k k+1.. k+Ip- 1.

In (2) QC'- — nonnegative matrix(n n), a R?'- — posi-

tive matrix (m” m) ; Kaes _ desired state of the system;
oPt- _ optimum control, minimizing (2).
The length of the interva of optimization is calcu-
lated asfollows [3]:

Ip =1+ ceil gnorme(A(k) - k) +norme(B(k) - &),

where ceil — the function of a rounding off of value up to
an integer, norme — Euclid’'s norm of a matrix; matrixes

y)
Ak, g((k))’ é(k’ g((k)) are calculated on a condition
k(k) found in result of "run" of predicting model for
one step
L(k) = Atk - L k(K- 1) %k(k- 1)+ég< LX(k- 0)(k- D),
(0 = x(0), A0.k(0) = #0,x0), B0, 4(0) = B0.x0).
k=12,..

We synthesize the controller providing tracking
property of the system to the set condition and a minimum
of cost function (2). Control K(K) is defined as:

K(k) =R, w1, (K),

where U, (k) — the solution of system of difference equa-
tionsin back time:

(k x(K))>u(k), x™(k+Ip)=x(k+lp),
U (k+1p) = e (k+1p),
u, (k+Ip) =

OYHIAMEHTAJIBHBIE UCCJIEJOBAHUM S Ne 2 2006

X"(j =k) = x(k),
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Control value u(k) is searched as [4]:

where Norm=norme(A(k) - k) +norme(B(k) - &tk))
ﬂénorm & & (k) gfk) OO@ (k) ) A ,
E Dt? § d |aj ()J‘i’j- %J)fu éi’j ’ aﬁ(‘ — elements of matrixes AK), %k) accord-
u(k) = K(k)>e ’ , ingly.
r w
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Fig. 1. The Structure of an adaptive control system with robust regulator

On the fig. 1: r — not measured disturbances, influ-
encing in the uncontrollable way on properties of object

of control, i.e. on matrixes % and ﬁ/( of parameters of
the system; w and v — randomize values, described as
“mean-zero Gaussian noises”’.

The measuring channel is described by the equation:
y(k) = Cxx(k) +v(k),

where C — the matrix of measuring channel
with (M 1 Gimension.

The estimating of states of system and identification
of its not measured parametersis realized by two in paral-
lel working discrete Kalman'sfilters.

Let's present the equation (1) as:

x(k +1) =F (x(k),u(k))>Q(k) + f (x(k), u(k)) +w(k),

where Q() — n-dimensional vector, which includes non
measured parameters.

Thus the measuring channel becomes:

y(k+1) = C{F R(K),u()) (k) + £ &(K),u(k))) + (k).

The recursive algorithm for an estimation of states[2]:

Rk +1) =R(k 7k +1) + L(K) Ey(k +1) - CR(k/k+D,
Rk /K +1) = Ak, BkK)) 5R(K) + B(k, BK)) xu(k) + w(k), R(0) = x,,
L(K) = P(k/k +1)>5CT C B, (k/k+1)>C" +Rj ",

P.(k/k +1) = A(k, BtK)) <P, (k) A" (k, BEk)) +Q,
P.(k+1) =[1 - L(K) ] xR, (k/k+1),

P(0)=P,.

Here Q, R — covariance matrixes for noises w and v ac-

cordingly, | — identify matrix; §(k/k+1) - is the edti-
mate of x(k) given past measurements up to y(k - 1);

x(k +1/K) = Ak, Q(K) X1 - L(K)>XC) (k /k +1) + EB(k, Q(K)) Ak, Q(K) <L(K)Jia

J(k/K) =C X1 - L(K)>C)xk(k /K +1) +CxM xy(K).

Rkik)

urement y(K).

is the updated estimate based on the last meas-

In the block kind discrete Kalman' s filter:

éu(k) U
gy(k)l
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Identification of parameters we will realize by fol-
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lowing Kalman'’ s filter:

Btk +1) = Btk) + L(k) Ky(k +1) - CF (R(k), u(k)) kK) - Cxf (R(K), u(k)) U, &t0) = Q,,

L(K) = Py(k)F T (R(K), u(k)) M (k) ™,

M (k) = C = (R(K), u(k)) <5 (k) % T (R(K), u(k)) xCT +C>QxCT +R
Po(k+1) = 81, - L(K)3CoF (R(K), u(k) PPy k),

Po(0) = Po,-

The developed algorithm has been used in the con-
trol system for controlling a speed of turning of blades of
a propeller of a vessel. At sufficiently great speed of the
ship turning of blades of a propeller with rated speed (1.8
degrees per second) result in sharp increase of torque in
the diesel engine that is inadmissible as a safety matter.

For functioning system with the set requirements (rates a
torque of the engine is in allowable limits) also is neces-
sary to take into account external disturbances (for exam-
ple, influence of waves). Transients on a angle of turn of
blades are performed on fig. 2.

Angle
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Fig. 2. Theresult of simulation (angle of turning of propeller blades)

Estimations of a root-mean-square deviation of tran-
sients from a standard (etalon) trgectory are counted:
2.5353 for agorithm without robust regulator and 0.4174
- with it. According to the results, it is possible to con-
clude efficiency of the desired agorithm.

Still recently rough systems keeping the characteris-
tics at deviations of parameters from settlement values
were projected, as a rule, "to the touch" by simple selec-
tion of parameters at modeling as regular procedures of
designing were not in most cases.

In the modern control theory more and more atten-
tion is given to sengitivity of algorithms for disturbances.
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MOJEJMPOBAHUE NHTEJUIEKTYAJIBHBIX
PAAUOONTHYECKHUX YIJIOBBIX
W3MEPUTEJLHBIX IPEOBPA3OBATEJIEN
C MOMOLBIO NTIPOTPAMMBI MATLAB 7.01
MaKapeuKHﬁl E.A., Hryen Ban TxXbIOHT?
YTyna, Tyal'y
’P. Boemnanm

[IpeanokeHbl TPUHLUIEI TIOCTPOSHHUS U allTOPUTMBI
paboThl MHTEIUIEKTYaIbHBIX MHOTOKaHAJIbHBIX YIJIOBBIX
npeoOpa3oBaTesell yriioBbIX BEJINYWH Ha OCHOBE MHOTO-
CIIOWHBIX PE30HAHCHBIX ONTHYECKUX CTPYKTYp (Mpoc),
obecrieunBaoNIe PaciIMpeHne JUana3oHa H3MepseMbIX
YTJIOB IIPU COXPAaHEHUH BBICOKOH TOYHOCTH M3MEPEHUH.
A TaxKe X MOJENMPOBAHUE M TECTHPOBAHUE UX paboTo-
CHOCOOHOCTH € MOMOIIIBI0 porpammbl Matlab 7.01

AHanm3 TeHJEHIMH pa3BUTHS CEHCOPHOM TEXHUKH
MIOKa3bIBAaeT, YTO OCHOBHBIM HAlpaBICHHUEM €€ COBEp-
LIEHCTBOBAHUS SIBJISIETCSI YBEJIIMUEHHUE YUCIA U YCIO0XKHE-
HUe (QyHKUMH, BHIIONHAEMBIX TaTYNKAaMHU HA OCHOBE CO3-
JMaHus MHOTOQYHKIMOHATBHBIX  (MHTEIIEKTYalbHBIX)
ycrpoiicts [1].

WHTennexryanbHble TAaTYUKH O0JIQIAIOT MIMPOKUMHU
(YHKIIMOHAIEHBIMI BO3MOKHOCTSIMH 33 CUET HCIIOJIB30-
BaHMWSA BCTPOCHHOTO MHKPOIIPOIECCOPA, OCYIIECTBIISIO-
mero (YHKOIUH TEepBHYHOW 00paboTkM WHQOpMAIUH,

JTUHEeapH3alii XapaKTePUCTHKH TPEOOpa3OBaHUS H3Me-
pseMoro ImapaMeTpa, KOMIECHCAIINHM BIIMSHUS BHEITHHX
(axTOpoB U 1p.

OnTryeckre MATINKH YTIIOBBIX BEJIMYHMH Ha OCHOBE
MPOC sBnsroTCS OOHAMHU W3 HanOoiee MepCreKTHBHBIX
B cBoeM Kitacce [1]. MHorocioitHble pe30HaHCHbBIE OINTH-
YEeCKHE CTPYKTYPHI IPU yIIaX MajCHUs, OJU3KUX K YIITy
MIOJIHOTO BHYTPEHHETO OTpPaXEHUs, OTIUYAIOTCS aHO-
MaJIbHO BBICOKUMH YTJIOW30HpATEIbHBIMH CBOWCTBAMH,
3aKJIFOYAIOIIUMMCS B CHJIBHOHN 3aBHCUMOCTH ONTHYECKOTO
MIPOITYCKaHUS ¥ OTPAKEHUS OT yria MajeHus U3IydyeHusl.
Hx ontuueckoe MpoIycKaHue U3MEHSIETCs] OT MUHUMAIIb-
HOTO JJ0 MaKCUMAaJIbHOTO 3HAUYEHHH NP OTKIOHEHUH yTia
MaICHUST BXOJTHOTO ITy4YKa Ha JecAThie JONH YTIOBOH ce-
KYHZBI. DTO TO3BOJIACT 3PPEKTHBHO HCIONB30BaTh MX B
KayecTBE BBICOKOUYBCTBHTENBHBIX VYIJIOBBIX IAaTYHKOB
(YrioBbIX AUCKPUMHHATOPOB), a TAKXKE JUIS MPOCTPAHCT-
BEHHO-YIJIOBOH (DUIIbTPALIMH ONTHYECKHUX MTYy4KOB [1].

Haubonee pacmpocTpaHeHHBIE OJIHOMEPHBIC OJIHO-
cropoHHre MPOC xapakTepu3ylTCsi MHOTOpPE30HaHC-
HBIM XapaKTepOM ONTHYECKOTO MPOMYCKaHHUs, 3aKIIOo-
YaIUMCS B CYIICCTBOBAHUM Ha0bOpa YIJIOB MaJcHHS
W3IyYeHUus, JJIs KOTOPBIX HMEET MECTO PE30HaHCHOE
MIPOIyCKaHKe, TP YeM YpPOBEHB NPOITyCKaHUS IS pas-
JIMYHBIX PE30HAHCOB pasiuyeH (puc. 1).
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Pucynoxk 1. PacueTHas xapakTepucTHKa 3aBUCUMOCTH onTHYeckoro npomnyckanust PMOC ot yria najgeHust u3ay4eHus
B PEXXHME yIIJIOBOH (HHIIBTPaLIN.

W3BecTHBIE M3MEpPUTENBHBIE YCTPOWCTBA Ha MpPOC
HCTIONB3YIOT IPOXOXKICHIE U3TYICHHUS B MPEIeax TOJb-
KO OJTHOTO YTJIOBOTO PE30HAHCA, YTO TO3BOJIIET JAOCTHT-
HYTh BBICOKOH TOYHOCTH W3MEpPEHHH IPU CPABHUTEIHHO
HEOOJBIIOM JUaNa30He M3MEHEHHs] BXOJHBIX YTIJIOB Ma-
JIEHUS U3TYUCHHUS.

JanpHelilnee COBEpIIEHCTBOBAHUE YIJIOBBIX JHC-
KpUMUHATOPOB Ha OcCHOBe Mpoc. OCHOBHBIM METOJOM
pacumpeHusi pabodero nuanazoHa SBISETCS MCIOIb30Ba-
HHE MHOTOKAHAIbHBIX (MapajuieNbHbIX) CTPYKTYP, OTIIH-
YaOIIUXCS CBOMMH TapaMeTpamMu. B 3ToMm ciydae s
M000T0 3HAYSHHS yTiia MaJeHUs BXOJHOTO ITydKa B TIpe-

Jenax auamnasona -a <a <A, KaxIpli KaHam

max

(opMupyeT CBOW BBIXOJHOH CHI'HAJT B COOTBETCTBHH C
KOHKPETHOH XapaKTEPHCTHKOI ONTHYECKOTO IpOITycKa-
Hust. [TockonbKy mapaMeTpsl MpOC KaHaJIOB Pa3IMdHEL, TO
U COBOKYITHOCTH 3HAYE€HHH BBIXOIHBIX CHUTHAJIOB IJIS Ka-
MJIOT0 BXOJHOTO YIjla MaJeHUs U3JIydyeHus OyneT WHIU-
BuyanbHOW. OOpaboTKa BENMYHMH BBIXOJHBIX CUTHAJIOB C
y4eTOM KOHKPETHBIX XapaKTepUCTHK KaHAJIOB MO3BOJISET
OIpENIeNUTh YIOM MaJeHUs U3ITyUeHHUS.

ABTOpamu pa3pabOTaHbl pa3IUYHbIE aITOPUTMBI OII-
pelerneHns yria naJieHusi BXOJHOTO H3TydeHus [2].

OOmas Mozmenb WHTEIEKTYalIbHOTO ONTHYECKOTO
YIJIOBOTO TpeoOpa3oBaTensi, pa3paboTaHHas aBTOPaMH,
IIPe/CTaBICHA Ha pHC. 2.
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