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Pedepar: PaccmaTpuBaroTcs BONPOCHI YIPABICHHUS CKOPOCTBIO MEpefadd B CHHXPOHHOM KaHAle MOJIb30BATENs 110
OLICHUBAEMBIM ITapaMeTpaM perpeccuH apeiia oObeMa HaAKOIUICHHBIX JaHHBIX. [IpHBOISTCS CXEMbI MOJIETN CUCTEMBI PETyITHPOBaHUS
U KOppeKTopa CKOpocTH. OIMCHIBAIOTCS CIOCOOBI BBIYMCICHHS KOI(P(UIMEHTOB pErpeccHd, B TOM YHCIE, BBIPAXKEHHS IS
onpeneneHus KoO3QGUIMESHTOB TMHEHHON PErpecCHi.

1.BBenenue

B cucremax cBs3W ¢ YIDIOTHEHWEM KaHAJIOB WM C TAKETHOW mepenadeld wHQOpMAIMH CYIIECTBYET
CBs3aHHAs C HEOOXOJAMMOCTHIO IMPEIOTBPAMIEHUS OIMMOOK MPOCKANb3bIBAHHS TOTPEOHOCTH B BOCCTAHOBJICHUU B
KaHaJle TOJyJaTelsl CHHXPOHHBIX JaHHBIX CKOPOCTH BBIXOJHOTO TOTOKA JaHHBIX MUCTOYHHKA. PeleHue yka3aHHOM
3a/1a4M PETYJIUPOBAHUS CKOPOCTH MOTOKA JAHHBIX MOJydaTells 10 3allOoJIHEHUIO U U3MEHEHUIO 3anofiHeHus Oydepa B
KJIaCcCe TUCKPETHBIX CHCTEM CO CTIKMBAIOMUM MU(POBHIM (GHIETPOM TIEPBOTO MOPSIIKA B KOHTYpE OOPAaTHOM CBS3H
MPUBOJUT B TEPBOM CIydae K aBTOKOJICOATCIHHOMY XapaKTepy H3MEHCHHs CKOPOCTH Mepeiaddl W 3aroIHCHUS
Oydepa OKOJIO HOMUHAIBHBIX 3HAYCHUH, a BO BTOPOM CIy4ae — K HKCIOHCHIMAILHOMY 3aKOHY YCTaHOBJICHUS
HOMWHAIILHOTO 3HAYCHUSI CKOPOCTH M HEKOTOPOTO, OTIUYHOTO OT HOMHHAIILHOTO, 3HAYCHUs 3aloyHCHHS Oydepa,
3aBUCSIIETO K TOMY K€ OT BEJIMYMHBI HAYAIbHON pacCTpONKH.

B mHacrosmeit paboTe paccMaTpUBAcTCs YCOBCPIICHCTBOBAaHHAs CHCTEMa PETYIUPOBAHUSA CKOPOCTH
repenayi JaHHBIX B KaHAJle IMOJIb30BaTeNs, coueTaronas B ce0e MPUHIIMITEI PEIEHHOT0 M aAaTHBHOTO YIPaBJICHUS C
OIICHWBAaHWEM TIapaMeTPOB.

2. Moaesb cucTeMbl yIPaBJIeHHS
PerynupoBaHue CKOpOCTH Tepeladd OCHOBBIBAETCS HA MapaMeTpax, CBA3aHHBIX C JUCKPETHBIMH COOBITHAMH — C
MIPUXOJIOM IIAKETOB WJIM OJIOKOB JaHHBIX, NpeoOpa3yeMbIX B CHHXPOHHBIM KaHal Iojb30Barens. Pasmep Omoka

JAHHBIX CUMTAETCS (UKCHPOBaHHBIM M oOo3Hauyaercs 4yepes D). Ilpu sToM BEIGOPOUHBIE 3HaueHns d, BXOIHOM
MOCTICIOBATEIEHOCTH OJIOKOB MpUHUMAIOT 3HaueHus: 0, D u 2D. Cxema MoJIenu yIipaBIicHUs PUBEAICHA Ha puc. 1.

Jlnsamuka 3anosnHenus Oydepa S, CHCTEMbI [IepPeiaun OMUCHIBACTCS PA3HOCTHBIM yPaBHEHHEM

Sy =S +d, =TV, +r.)-1,, (D
tne Vy=D/TuV,+r,_, - cooTBeTcTBeHHO HOMMHANBHOE M JeiicTBuTeNbHOE, Ha (K-1)-0M TakTe, 3HaueHHs
CKOPOCTH Tepeiaddl B KaHANIC IONB30BATENs, F,_; - ONPENEIsieMas PEryisiTopoM KOPPEKUHs CKOPOCTH W

n, = (‘L' P T )(Vo +r. ) - Cilydaiinasi BEJIMYMHA, CBA3AHHASA C OTKJIOHEHHEM JUIMTENLHOCTH T, HHTEpBaja MEXIY

MOMEHTaMH TIpHXoza 010KoB manHbX d, ; n d, or cpexmero 3navenns T. xapakrep U3MeHeHus 1], BO BpeMeHH
3aBHCHUT OT UCIOJIB3YEMBIX MMPOTOKOJIOB Mepeaayd OJOKOB NaHHBIX. UTOOBI YMCHBIIUTE BIHSIHUE pa30poca BETUYNHBI

7], Ha pe3ysbTaThl PEryIMPOBAHMS, NMPEMNONOKAM, 9TO B 3aroJoBKax OnokoB d, mnepesaercs mHpopmauus 06
o0bemMe é « HAKOIUIEHHBIX B KaHale JaHHbIX. IIpy 5TOM B KayecTBe BXOJHOIO CHMIHAja CHCTEMBI PETyIUPOBAHHUS

€CTCCTBCHHO HCITOJIB30BaTh BEJINYNHY xk = Sk + ék .
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Puc.1. Cxema Mozenu CUCTEMBI PETYIUPOBAHUS

3ajaua peryaupoBaHMs 3aKIIOYAeTCs B MHHMMM3ALMM Beawmuunsl |V, + 7, —u0|, rae U, - CKOpPOCTb
nepeaddl B CHHXPOHHOM KaHaJle HCTOYHHWKA MH(MOPMAIINH IIPH OTPaHMYCHUN Ha BEJIMYMHY OTKIOHEHUS 3aIlOTHEHUS
Oydpepa S, or HOMHHANBHOTO 3HaueHus. HomuHAIbHOE 3HAYeHMe 3amoiHEeHWs Oydepa I  YIPOLICHHS

uenecoo6pa3Ho MPUHATH PaBHBIM HYIIIO. HpI/I 9TOM Sk MOXKET NPUHUMATHL MNOJIOXKHUTCIIBHBIC W OTPULATCIIbHBIC

3HAYCHNS, & YKA3aHHOE BBILIEC OrPAHAYCHHE MOXKHO 3aIIHCaTh B BUIC |S ‘ | <W,.

C yuetowm (1) kpuTepuii KadecTBa PETYJIMPOBAHUS 3aMUIIEM B BHIE

k

= 2 (o +Tr, =50 . @

=k—N+1

rie sHauenus ouenok X, (k) onpenensiorcs us napamerpuueckoii Monemu f (7, @) noroxa nammpix:

x, (k)= f(,a(k)). 3)

npu 3ToM B cootBeTcTBHH ¢ (2) u (3) BekTOp @ (k ) HMapaMeTPOB BBIYUCIAETCS B Pe3ysbTaTe PELICHUs 3aJauu
MUHAMH3ALHH:

alk)=argmin 3 (x,+Tr,, - f(i.a)) @

a j—k-N+1
B npocreiimem cnyyae pynkiuio [ (i , a) MOYHO 3aITMCaTh B BUJIE

fl,a)=a,+a(i—-k+N), 5)
I7e @, U a,- HEKOTOpble K03((OUIIMEHTHI, ONPE/eIIAIONINe XapaKTep HaKOIUICH!US JAHHBIX.

Bripaxkenne (5), odeBHIHO, TPEACTABIACT COOOW JNHMHEHHYIO perpeccwio. B Oosee obmieM ciydae , ¢ IIENBIO
BBIJICIICHUSI, HAIpPHMEp, IOJTOBPEMEHHBIX CMEIICHU MOMEHTOB NpHUXOJa OJIOKOB JaHHBIX, MOXXHO BBECTH B
pPaccMOTpEeHHE HETMHEHHYIO PErPECCHI0, OCHOBAHHYIO Ha HEKOTOPBIX TPUBEIEHHBIX B padoTe [1] umesx.

Pemenne 3amaun MuHUMU3aUU (4), TO €CTh 3a7a4d OLICHWBAHUS IMapaMeTpOB B CiIydae JIMHEHHOW perpeccuu (5),
MOJKHO TIOJTYYHUTH MPSIMBIM METOJIOM U3 YpaBHCHHS

k
. 2
V., Y, +Tr, - fa)f =0, ©)
i=k—N+1
rae V., - IpajMenT 1o BEKTOpY NapaMeTpoB d , WK B Pa3BEPHYTOM BHUJIE:

a()= 2D S (g ) S =kt N, + 75,

N(N—l) i=k—N+1 N(N 1) =k—-N+1
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Y 12 L . B 6 L
a1(k)_m 2(’ k+N)(xi+Tri—l) N(N—l),-zz(xi—i_Tri_l)' @)

i=k—N+1 k—N+l1
[Ipu pemennn 3aqa4n MUHAMHU3ANNHU (4)MOXKHO TaKXKe BOCIIOIB30BAThCS TPAIUEHTHBIM METOJIOM [2], B COOTBETCTBUH
C KOTOPBIM

k

alk)=alk-1)-e 3 (x+Tr, - f(.alk-1)V,fGalk-1)). ®)

i=k—N+1
rae € - 10CTaTOYHO Mablid KO3 HIMEHT NpUpaILeHNUs], KOTOPBIH B OOIEM CITy4ae MOXKET 3aBHCETh OT K.

B ciyuae ncrionb30BaHus THHEWHOM perpeccu (5) BepakeHHe (8) MpUHUMAET BU

ZO((I;)) i ZO((/I::)) _84-2l(xiJrTr"1_(a°(k_1)+i51(k—1)) 1 ' ©

IpencraBuM 3Ha4yeHHe X, B BUIAE CyMMbl ICTCPMHHHPOBAHHOH X, U CIyd4ailHOH (I, BemwmumHel: X, =X, + U, .
[Ipennonoxum, yro [, - He3aBUCUMAasd, C HyJIEBbIM MATEMAaTHMYECKUM OXHIAHMEM, Belu4MHa. Torma BeIUYMHY

KOppEKUMU CKOPOCTHU I"k Ha k— OM TaKT€ MOKHO OIPCACIIUTL IO 3HAYCHUIO KO3(1)(1)I/IHI/I€HT3 &1 (k) JIMHEHHOM

perpeccun (5):
r, =a,(k)+ 6 signS, , (10)

Ile BTOpOE claraeMoe ofecrednBaeT HeOOMIbIIYIo, ompeienseMylo Bemmumuoii O >0, gomomHHTeTBHYIO
KOPPEKIMIO CKOPOCTH TI0 3amofHeHI0 Oydepa. 3aKOHHOCTh IpUMeHeHUs BhipakeHus (10) oueBHaHA, €CITU 3HAYCHHS

M, orpaHMYeHsl 0 MOIYII0 Malod BenMYMHOH. OIHAKO, NPM ONPENENEHHBIX YCIOBUAX, BhipaxceHue (10) MoxHO

HCIIOJIB30BAaTh U IMPHU AOCTATOYHO OOJIBIIIHX . BaxkHo, 4T0OBI 3TH 3HAYEHHUS OBUTM HE3aBUCUMBIMH U, KDOME TOTO
k > > >

Ha WHTEpBaJie oueHMBaHUs JHHON NT nMero MecTo YeTHOE YHCIIO TIONOKUTEBHBIX U OTPHIIATENBHBIX BEIOPOCOB. B
9TOM CIly4dae TIPEICTABISAETCS IeIecO00pa3HbIM BKIIOYCHHE B KOHTYP OOpaTHOH CBA3HM HU(PPOBOTO PEKYpPCHUBHOTO

dubTpa nepsoro nopsaka (eciu Boraucnenue d, (k) nponssoaures no (7)). Ilpu sTom
r,=y, +0signS,, y,=(1-a)y, +aa, (k). (11)

B oOmem ciydae, 0coOCHHO MpU OTCYTCTBHM HMHQOpManuu 00 00beMe HAKOIUIEHHBIX B KaHalle JaHHBIX,
ucronbs3oBanue BoipaxkeHus (10) mwm (11) conpspkeHO ¢ ONMAaCHOCTHIO BOSHUKHOBEHHUSI CUCTEMATHUYECKOH OLIMOKH.
[TosTOMY BBIYMCIICHHE KOPPEKIMH CKOPOCTH IOJDKHO B 3TOM Cllydae OCHOBBIBATbCS Ha MCIOJB30BaHUM Oojee
CIIOHOW (DYHKIMH WM (DyHKIMOHAIA

ro =R{fG,a(j)| j=kyk=J;i=j,...j— N}

Jis ipeoTBpaIIeHus] YKa3aHHBIX OMIMOOK MOXKHO TaKXKE HMCIOJIb30BaTh MPUBCICHHBIN HA puc.l KOHTYp pesieiiHOro
YIpaBICHUs, BKIIOYaEMbIH, HATIPUMEp, Ha HAYaJIbHOM y4acTKe PETYIMPOBAaHUS M IIPH BBIXOJE 3aIOIHEHHS Oydepa 3a

YCTaHOBJIECHHYIO HOPMY, TO €CTh IIPH |S ‘ | >W,.

3HaueHus 7, , MONyYeHHBIE B PE3yJIbTaTe MOACTaHOBKH B Bblpaxkenne (10) sHavenuii koodduumenta a,(k) us (6)
wi (7), COBNAAAKOT, IPU OTCYTCTBHH OLIMOOK M3MEPEHHUH, ¢ TpeGyeMoil BeluunHOM Koppekiun U, — V, HaunHas ¢
k =1 (6e3 yuera cnaraemoro O signsS, ). B npotusomnonoxuocTs 3ToMy, npu noacranoske @, (k) us (8) wm (9),

MMEET MeCTO IUIaBHOe NpubmmKkeHne 7, kK U, — V npu k —> oo . Ilpu 5T0OM CKOPOCTb M XapakTep MNPHOIHKCHHS

3aBHCAT OT BEJIMYUHEI € .
Cxema (hopMHpOBaHMSI KOPPEKTUPYIOIICH IMMOCIEeNIOBATEILHOCTH, OCHOBaHHAs Ha BbIpakeHUsx (7) u (10),
TIpUBEICHa Ha pUC.2.
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Puc.2. Cxema hopMupoBaHUsI KOPPEKTHPYIOIIEH OCIIEI0BATEIBHOCTH

3. 3akuai04ueHue

OtcyTcTBHE HaJIS)KHOI 0OIIeH MOJENN YIUIOTHEHHS M Iepeiadn OJOKOB JaHHBIX B KaHaJax CBS3U CO3/1aeT
OIIpEZEICHHbIE TPYIHOCTH NIPH YCTAHOBJICHHM CKOPOCTH II€peladd B CHHXPOHHBIX KaHalax Iojydareneit
nHdopmanmu. B HacTosmeid paboTe pemieHHe 3TOH MpoOJIEMBbl OCHOBBIBACTCS Ha pe3yJbTaTax OLICHHBAHMS
apaMeTpoB perpeccun apeiida oObeMa HAKOIUICHHBIX JaHHBIX, YTO, IIPH ONPENCICHHBIX YCIOBHUSX, 00ECIEUHBACT
JoctatoyHo 3(dexTrHBHOE MOmaBlICHNE OIIMOOK M3MEPEHHUs M HAJIS)KHOE YIIPaBICHHE CKOPOCTBIO IEpenadd B
CHHXPOHHBIX KaHaJlax M0JIb30BaTeNeil.
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REGRESSION OF DRIFT
Ermolaev V. A.
OAO NPP "Zvukotehnika"
Russia, 602200,. Murom, Vladimir province,
Radiofactory highway, 23
Tel.: (09234) 2-2562, Fax.: (09234) 2-2596

Abstract: The problems of speed control of transmission in the synchronous channel of the user on estimated parameters of a regression
of a drift of size of stored datas are considered. The scheme of model of a regulating system of a velocity are reduced. The modes of an evaluation
of regression coefficients, including, expression for definition of coefficients of a linear regression are featured.

1. Background

In communication systems with a channel multiplex or with a packet switching there is bound with necessity of
preventing of errors of slip need for restoring in the channel of the receiver of synchronous datas of a velocity of an
output stream of datas of the sender. In the present paper the improved regulating system of a transfer rate in the
channel of the user combining in itself principles of relay and adaptive control with a parameter estimation is
considered.
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2. Model of the regulating system
The scheme of model of control is reduced in a fig. 1. The dinamics of filling of the buffer .S  transmission systems is

featured by a difference equation

Sk:Sk—1+dk_T(V0+rk—1)_nk’ (D
where Vy=D/T uV,+r,_, - accordingly rated and real, on (k-1) an ohm clock tick, value of velocity in the
channel of the user, 7,_, - correction of a velocity and 1], = (T =T )(VO + Vk_l) - variable, determinate with a

deviation of duration T, of an interval between the moments of arrival of data packets d, ; and d, from average

value T.

Sk > Estimating
_>

S L ——O

4 T

Interpolator

+ V(J'T+nk

Fig. 1. The scheme of model of the regulating system

With registration (1) criteria of a regulator performance shall note as
k
A - 2
G, = Z(‘xi +17, _xi(k)) ’ 2)
i=k—N+l1

where the values of X,(k) are determined from parametric model f (i, a) of a data flow:

x, (k)= f(i,a(k)). 3)

thus according to (2) and (3) vectors c?(k) of parameters are evaluated as a result of a solution of the task of
minimization:

k
a(k )= argmin Z(x,. +Tr_ — f(,a)) . “4)
A i=k-N+1
In elementary case function f (i, a) is possible to note as a linear regression:
fli,a)=a,+a,i—-k+N). &)

In more general case, it is possible to enter into reviewing a nonlinear regression, based on some reduced in paper [1]
ideas. It is possible to receive a solution of the task of minimization (4), that is task of a parameter estimation in case
of a linear regression (5) by a direct method from the equation

k
V, Y +Tr, - fGa) =0 ©
i=k—N+1
At a solution of the task of minimization (4) it is possible also to use a gradient method [2], according to which

a0)=alk-1)-¢ (5 +T— fal-D)V, /G.alk1).

i=k—N+1
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The magnitude of correction of a velocity 7, on k - ohm clock tick can be spotted on a value of coefficient @, (k) of
a linear regression (5):

r, =a,(k)+ 0 signS, .

3. Inference

In the present paper the solution of control problem is grounded on outcomes of a parameter estimation of a regression
of a drift of size of stored datas, that, under certain conditions, ensures effective enough suppression of errors of
measurement and reliable control of velocity in synchronous channels of the users.
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