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Abstract. A common model of vibratory diagnostics objectshis stochastic difference schemes, and theirayrecal
identification is carried out least squares andtledsolute deviations techniques. It is well kndhatt these techniques
are unstable under stochastic heterogeneity ofrediske process, specifically, in the presence dfieys. One way to
make the stable parametrical identification of atbry diagnostics objects is implementation of galieed least absolute
deviations method based on concave loss functibtai@ed requirements to the loss function guaramgethe steadiness
evaluation, algorithms of identification and exaesphre presented.

Keywords; autoregression; generalized least absolute demmtinethod; linear stochastic difference schemmedam
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Introduction development of structure degradation processeste@ys
malfunction may be diagnosed by variations withetiof

At present wide experience to create methods ofitaby ~ Ccoefficientss; being estimated by data vibration signals

diagnostic and rupture life forecast is accumula@de of To decrease false alarm and aim omission risks it i
exploitable mathematical model for these problems iissue of the day that the problem is taking intooamt
linear stochastic difference scheme overidentification and heterogeneousness of ddieation

signals under estimating of coefficientg Sources of

L 1) overidentification and heterogeneousness of ddteation

Y = Zl AV =6 k=L+LL+2, .0 are a) part of sampling may be mismatch to the patede
" model because of embryonic defect; b) mstabll

: . I ariance of measuring; c) availability of outliei the
in whichy, =y(IA),1=0, 1, 2, 3, ..., are data vibration atV ! uring; ) availability utie

point of time IA; A is sampling interval; g} are middle ofy,; d) multiplicative nature of noises, .

unobservable stochastic processes;= 1, 2,...,L are the It is well known that the least squares and lebsblute
model parameters appointed at the design sthgés the  deviations techniques (LST and LADT) are unstalviden
size of log. It is significant that unobservablendgam stochastic —heterogeneity of observable processes,
values & are in accepting independent values undefpecifically, in the presence of outliers [2] . Oway of
diagnostic problems. doing the stable parametrical identification of reitory

For example it is the established fact [1] thatd@n  diagnostics objects is implementation of generdlileast
vibration of single mass linear mechanical systatises absolute deviations technique (GLADT) based on avec

Eq.(1) undel =2, i.e. it is second-order autoregression!0SS function [3] .

process ) .
Generalized least absolute deviations method

Yo = aYrtaYi ot oo k=345, @ Follow [3] we define GLADT estimation of parameteqs

j=1,2,....L for model (1) and datayf{: k=1, 2, 3, (2 )n}
Autoregression factorsa;, a, of this process are 3¢

unambiguously interdependent with resonance fregyuen

. . — _ L
and damping decrement of the system i.e. a=(a,a,.. argarEILnkZL:lp( k _Z|:1a Y ) )
+
fo = iarccosa—1 ;0= In€a, ) (3) ) ) ) . .
27A 2\/-a, 2f,A where functionp(x) is monotone increasing and twice

differentiable for all nonnegative p(0) = 0, ang"(x) < 0.

Object design characteristics and interdependedeino It is proved [3] that all local minimums of the doa
Eq. (1) factorsa, j = 1, 2,...,L are denatured under function of problem (4) form set:
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) 5 } L § In the same place existence of stable WLADT estonas
U= {(a{ ’,a§ ’,...,a‘L )): \ :Za( )yk,,; ascertained, but general way to look of proper hsig
=1 - (5) {p,:k=L+1,2,.. n} is not presented.
kek= {ko Kpyooky 1<Ky <k <<k <n } Further we describe the implementation of GLADT for

stable evaluation of autoregression model factioikse in
Hence we may look fora by means of solvingC,"  [2] we apply the influence functional presented4ih.
systems ol linear equations and choosing optimal vector
from U. UnderL = 1, 2, 3 such enumeration of possibilities Stability of evaluation of autor egression model factors
is realizable.
Let us consider interrelation between GLADT and| gt X, = (Xl—p""’xn) be stationary in the wide sense

weight least absolute deviations technique (WLADT). , , ,
time series. We observe autoregression model

Statement 1.
(vVip20k=L+1L+2,.. n})| argmin ply,-F " .ay,|eu ©)  AR(L): szzl' ax. +e&, keZ

P =U: ! T acR" k:L+1pk « I:la1 k- ' i=1 = k> '
Proof. As is easy to see problem (6) is optimizationhef ~WhereL is known ordera= (@, ... , &) is vector of
piecewise linear convex function. The introductidrslack ~ nonrandom factors, ef} are independent identically
variables leads us to linear programming problem distributed variates with non-degenerate distriuti

function. Let values

n (7
min {Z P U 7uksyk—ztlayk7,suk,ukzo,k=L+1,2,.. n} O
B (o i

Up 15l

Vi =% +2Z &, keZ

Task (7) has the canonical form- 1 variables and B(-  pe observable variables, '{z be independent identically
L — 1) constraints including the nonnegativity comists  jistributed variates I3 ~Bi(1,y), 0<y<1, y be
for variablesu,. Let m be equal to the number of zero obstruction level, &} be independent identically

;ig;ﬁ/;fc\éig?[%igk at optimal solution of the task, i.e. distributed variates with distribution: from class N;
successions¥}, {z"}, {&¢ be independence. In that way
L we observe simple obstruction scheme of data by
Yy = Z|—1a1 Y| independence outliers.
h Under appearance obstruction (5) traditional
are held. Then active constraints ave nonnegativity estimations are inconsistent. For measuring of iyuaf

constraints for zero variablag, m common constraints €Stimationd, for vectora under observable data we
with this variablesu,, and n—m—L —1 constraints for suppose existence of convergence in probability
positive variablesu.. General number of the active 3 _ P ,5 and equalitya, = a.
constraints equals to+ m—L — 1. On the other hand it is _ o o o
necessary number of active constraints for thenuadti Simple infinitesimal characteristic of estimatiofy,
baSiC Solution nQ |eSS thm— 1 Therefore we ha\lez L Stabmty under data Obstructi()'yk{ is vector

Statement 1 is proved.

Statement 2.
.oa, —
IF(ay,,ug):Ilmy—ao
(v(@®,a¥,...,a¥)eu)(3{p 2 0ck=L+1L+ 2,.. n}) : 70y
LY L _
(aik),a(zk),...,aik)):argaglpkgl pk‘yk_Z|zla1 ym‘ : named as influence functional for estima@g [4] This

(8) functional characterizes the value of main lineamber
Proof. Let y, (*) be characteristic function for skt (5). of asymptotic expansion of displacement
The set{ p=x(i):i=L+12,.. ,n} is hold condition a,—a,=1F(@,,u.)r+o(y). (9)
of the statement for givek . N o o -
Statement 2 is proved. Condition of estimation stable is finite sensitwib great
Ascertained interrelation between GLADT and Mistake
WLADT permits to ground GLADT estimation for stable

evaluation of autoregression model factors under GES(M., a )= sup‘IF @, u 1<oo,
availability of outliers in the middle of. Groundlessness S HeeM 7

of LADT estimation under such conditions is proved?2]
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In that case the main linear member of asymptotic

expansion (7) is uniformly small for all obstruat®and
smally.

Let GLADT estimation of paramete@™" be defined
by way of algorithm (4). Qualitative assessmentability
for GLADT estimation QSLM under outliers gives the

following theorem.

Theorem. Let time series (5) be observed. If loss
function p(x) of algorithm (4) is so that
SuPX’p’(X)| < oo then GES(M.,a™") <o0.

x>0

sygﬁxzp’ (xj<oo.

Theorem is proved.
As is easy to see the concave increasing functions

1-exp(-|¥); arctaf ; |x ( %[X) are holding the

theorem conditions, and functionsz;|x|;x/§; In (1+|x|)
are not.

Computational experiments

Proof. The necessary conditions of minimum for task (4)

are bridging set
;p; €)Y sign(yk —ziila,‘ykfi)+ 0, I=1,.L (10

It is proved in [2] that WLADT estimation obtainég the
way solving of bridging set

z P(Yieas--»YieesSION(Y, — Z:—:lai Yii) =0,
k=1
[=1...L

under condition SUp, _qe

11)

yyp }< o has finite
sensitivity to great outliers, i.e.

GES(M,,a;") < .

Comparison of Eq. (10) and Eqg. (11) as well asnigknto
account proved statements 1 and 2 implies asseofitine
theorem under

Process AR(1) with one-sided outliers

% =0,
X =axX ,+&, k=0,1,.. M .
Y =%+ Z&,,

Herea =0.7; & ~N(0,042); 0,4’ are variates distributed
uniformly in segment [0;2]; {& are independent
identically distributed variates; 2 ~Bi(1, y), 0<y <1,

y are an obstruction level,f} are independent variates
distributed uniformly in segment [50; 100]; M =15@0the
number of trials.

Test computer simulation is identification
autoregression factorr at sight of signalgy evaluated
according to Eg. (8). Identification algorithms &&ADT
estimation (4) with the difference loss functions.

Simulation data is shown in Fig. 1.

of
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Fig. 1. Process AR(1) simulation data: a) LST, LADT @@IdADT estimations of autoregression factgrb) Sample variancg? of
the estimations
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Fig. 1. a demonstrates that LST and LADT estimatiare  Hereg, ~N(0,0,7); 04 are variates distributed uniformly
inconsistent in_ spite_of the fact that s_ample vargof in segment [0;2]; {4} are independent identically
these estimations is small (see Fig. 1.b). GLADTyjstributed variates; {g ~Bi(1, y), 0<y<1, v are an

estimations with the loss functions satisfying tieen . . . L
fying obstruction level; §} are independent variates distributed

g?nnatjllltls(;nmg:gevsar?éni,e Z)f 22358) are consistent hage uniformly in segment [50; 100]; M =100 is number of
' trials.

Vibrations of single mass linear mechanical system . . o e
. _ . Test computer simulation is identification of
with resonance frequencyfp =91.7Hz and damping X . :
_ S _ autoregression factorg;, and a,. at sight of signalsy
decrementy = 1.22 under sampling interval = 0.001sec : e
evaluated according formulas (12). Identification

satisfies second-order autoregression process (#) w . L / .
factorsa; = 1.5, anda, = 0.8. Simulating vibration of this %gg?&?}g?oz;e GLADT estimation (4) with the ditéeice

system we evaluate by AR(2) process Simulation data is shown in Fig. 2.

Xy =% =0, Again we observe that GLADT estimations with loss
x =15% ,—0,& ,+& , k=01. M (12) Lunr;stlon satisfying the theorem condition are cetesit
Yie = %+ Zedy
1- p(.vr):.vr2 2. p{.‘r}=|x| 3- p(_s:]:|x|u'j y- p(x) = arctgly
—— —- —— ——
0.2
18 T T T T
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Fig. 2. Single mass linear mechanical system simulatiaa:da) LST, LADT and GLADT estimations of autoregsion
factoray; b) LST, LADT and GLADT estimations of autoregriessfactora,

Table 1. Results of tests

fo 0
u
pO)=X° p()=x| p()=K"* | p(x)=atank] pO)=x" p)=K | p()=K"° | p(x)=atank|

0 91,7976 92,8006 93,0717 93,1643 1,1529 1,1873 1,2738 1,2401
0,002 | 146,8953 | 90,5264 89,3832 90,1766 2,9343 1,8355 1,3090 1,3600
0,005 88,7691 90,2000 91,1608 3,7423 1,3433 1,2535
0,01 70,9415 92,1783 92,1390 7,9464 1,4036 1,3204
0,015 93,1951 90,9585 1,3781 1,2432
0,02 98,0430 90,0422 1,4894 1,2760
0,03 105,0666 | 91,6342 1,7251 1,1270
0,04 109,1621 | 94,3107 2,3368 1,1538
0,05 30,3857 92,0200 21,9591 1,3124
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As indicated above (see Eg. (3)) autoregressiotof@c Thanks
a,, a, of this process are unambiguously interdependent

with resonance frequency and damping decrement Q{ythors feel appreciation to Russian FoundationBfasic

system. Estimation of resonance frequefdagnd damping  Research for the financial supporting of the proje©7-
decrement evaluated through autoregression factors (se@1-96035-p_ypa a.

Eq. (3)) are presented in Table 1. Empty stringghis
table signify impossibility of the target calcutati under
current obstruction level

As may be seen from Table 1 the best techniqubdn t
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