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I. INTRODUCTION

Statistical data defined during state control of the
dynamic system in its operational process in real-life
environment are single source of information about
system. As a rule, the basic problem in this case is
data processing to get the density of distribution of
obtained random values.

Two basic ways are possible. The first one uses
the parallel algorithm in which data processing is
carried out after long stage their accumulation (clas-
sical problem).

The second way provides the series algorithm
(recurrent) to estimate the distribution law. In this
case each element of entering information is used at
once to specify the obtained estimation of distribution
law. It is important if the results of data processing
are used in the predictive control of dynamic systems
when delay of entering information is undesirable.

II. PROBLEM STATEMENT

A non-parametrical estimation of the random
value distribution density, as a rule, is written in the
form:
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where k(u) is the weight function (kernel), satisfying
to the following conditions:

k(w)>0, k(-u)=k(u),
[k)du=1, k@)—0 for |ul—>c.

Introduction of the kernel allows smoothing the
experimental data in some environs of each experi-
mental point. Coefficient ¢ is the smoothing para-
meter and depends on experimental data volume.

The normal kernel was used to obtain the value

f"(x)according to the expression:

\ 1S 1 (x, —x)
f@= Y exp{ - }

In the problems of operational control and pre-
diction of the on-board control system reliability it is
necessary to use each element of the entering infor-
mation at once [1]. That’s why it is necessary to use
the series algorithms. In this case the Parzen’s algo-
rithm may be used:

pon I 5 —X
f(x)_n;]{ P }

where / is kernel coefficient. It defines the interval in
which the kernel is not equal to zero. Optimal value
with respect to minimum of approximation error is

defined as 1 =n""?[2], [3].
III.PROBLEM SOLUTION

The distribution density is represented by step
curve, restricting the row of equaled area rec-
tan-gulars. The number of dividing intervals Q is
defined by the given approximation accuracy and the
interval coordinates are calculated by the recurrent
way:

S‘I
[ f(x)dx=F(S,)- F(S, ) =é, ¢=1.0.

g1

In the memory of data processing system it is
necessary to store the coordinates of the intervals

{S,} and their quantity. If we obtain the next value
x,.; it is necessary recalculate a new array of coor-
dinates {S;’”l)} corresponding to the estimation
fn*+l (x) .

The algorithm (Fig. 1) begins the processing from
the source data input (block 1):
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Fig. 1. Blok diagram of the considered algorithm

Then the new coefficient 4,,, is calculated as the
greatest value from (block 2):

hn+] = hnnoq2 (l’l + 1)*0,2 s
=0,5[S{" —
h,. =0,5x

n+l

(n)
max hn+] hn - xn+] ]’ xn+] < S

—SM—h1 x,, >8P

n+]

The estimation f,,,(x) is defined as:

L) =+ D)"Y " )+ (n+ D) R (x),
i=1
where
1 10,5

k-(n+]) —
hn+l 0

|x—xl.|s hy,.1
|x - xi| >hy
This expression may be written in the form:

fra @) =n(n+1)" £,(0) + (n+ DK (x).

The limits of area {§(§">,§g>} for f,,(x) are found

as
S =8 +(h, ~h,,),
gg) = S(Qn) - (hn - hn—l )5

and written into the respective memory cell {S}.

The truncated area of f,,(x) must satisfy to the
normalization condition

sy
[ 7,x)dx=1.
K@
Since all rectangulars have the same area equaled
Q' then the ordinate of £, (x) will be equaled

_7 _ et _ o [
J)=1,=0 [Sq =S4

Applying truncation and normalization operations
we obtain

f,(x)

where m is normalizing multiplier, taking into ac-
count the error of the step function, Fig. 2, a. Coef-
ficient m is defined by the following way.

=1,=ml, S§"<x<S8)",

S

S=@-okyl k()

Fig. 2. Case f(x)=0, k'H} #0
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The area under approximated curve f,(x)
equals 1, and truncated area equals:

K, =h, )+ fo(X)(h, =R, )
- h,—h, n h,—h,_, ’
(S1 =509  (Sy=S,.1)0
so that the area under the truncated function is

1-07'[(S, - So)il +(Sp = So )" 1(h, =R, ).

It is evident that the normalizing multiplier m is
defined as the ratio of areas (block 2):

m= [1 0781 =S0) " + (S = Sp) " 1k, — )r )

Next we may define the needed array {S;’”l)} . At

first we calculate the initial S{"*” and finite Sy
quantities (block 2):

(n+l) _: (n) | .
So _mf|:xn+1 —h,15S80 ]a

S(Q"”) = sup[x +h S(Q”)],

n+l n+l>

where x,., —h,,, and x,,, +h,,, define the limits in

n+l
which k,,, #0 . Then we calculate in consecutive
order the remaining components of array according to

the expression:

()
Sq

[fax=0", ¢=1,0-1,

(n)
S

where

Frn@) =+ 1S KD (@) (4 1) A (x)
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The first and the second terms take into account
the stored and the obtained information respectively.
Since the estimation of f(x) is the step function then

the integral is defined by multiplication of ordinate
by the difference of abscissas.

After calculation of a new value x,,, it is neces-
sary to estimate the location of kernel k,',’jll (x) with
respect to the stored estimation f,(x) in order to use
the basic algorithm of calculation:

S @ =n(n+ D) ml, + ()76 ().

For the given number ¢ the low limit of the in-
terval is found by equality a=S\") (blocks 8-11)
and high limit B is assumed as S.” (S{"”>a0). It is
possible two cases. In the first case no value S

from array {S;”)} , for which S >« (block 9). It

means that f,, (x)=0 (Fig. 2, b) and only the kernel
kn+l

n+l

(block 12) and k" =0,5h !

n+l n+l *

is not equal to zero. Then B=x,,, +4h,,,

It is evident that the area limited by the function
k'''(x) equals (taking into account the weight
(n+D7"):

Iy =0.5B-o)(n+1)"h,y,
realized by block 24.

In the second case (the basic case) the array
{S;”)} contains the value S, which is greater than

a(S" >a) and it is necessary to estimate the loca-

tion of kernel with respect to the interval [Oc,Ss”)],
Fig. 3. Then a low limit of the function existence area
is compared with the given value a:x,,, —4,,, <o
(block 10). If this condition does not fulfilled, then
the function definition area k,',’:ll is located to the

right of o and its beginning may be located on the
interval[o, S ]. This possibility (x,,, —4,,, <S™)

n+1 n+1

is checked by the respective block (19).

£

n+l
ki #0

S, > x
'xn+l \

B =X T hn+]

S =0

X1 + hn+l

Fig. 3. Basic case S > a
If the decision is positive, then B=x,,, —4,,,. On
the contrary we have p=S"" (blocks 20, 21). In both

cases it means that k7 (x)=0 and the weighted area
under the curve is defined (block 22) as

Iy=n(n+1)"m4,(B- o). (*)
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If the condition x,,,—h, 6 <a is fulfilled it

means that the beginning of function existence area is
located to the left of oo and we have to define the
location of its end. If x,,,+h, <o is fulfilled

(block 11) then the function k" (x) is taken into

n+l
account on the previous steps and, consequently,
K (x)=0, B=S" (block 16) and as before we
have the same result ( *).
If the last condition does not fulfilled then finite

point x, ., +h,,, of the function definition area k7|

n+l
(x) may belong to interval [a,S"”]. The block 12
checks it. Depending on results of its functioning it is
(block 23) or B=S"
(block 13). The variant $ =x,,, +4,,, corresponds to

assumed: B=x,,, +h

n+l

the case when both terms in the formula (*) are not
equal to zero. The block 24 shows it. Two cases are

possible in variantp =S, For the condition v =0
(block 14) we have f(x)=0 and the control is
passed to the block 15, Fig.4, a. Otherwise the block
24 operates.

/@

kernel H:

SLM!) B

' D)
/S'” S,

Fig. 4. aisthecase v=0 and f(x)=0;

b is the calculation of §{"*"

Thus, the operation of each algorithm branch is
finished by calculation of the area increment 7, ob-

tained on the considered interval (blocks 22, 24, 15).
The block 16 summarizes increments obtained on
each step ¢, , after that the content of cell / (the stored

value /) is compared with the value O (block 17)
according to the equation

(n)
Sy

[fodx=0", q=1,0-1.

st
It is evident that Q is the number of intervals of the
estimation f(x) and Q' is the area restricted by this

curve between any unknown values (S ;T),S ;’”1)) If

the content of cell 7 does not exceed the value Q'

then the value of interval high limit is assumed as a
new low limit, that is a =0 (block 27) and the cal-

culations repeat. If the content / exceeds the value

O the next value S;’”') is calculated. In this case

the increment A7 is defined as AT =1—-Q" (block
25), that is the value Al is exceeding of the given
area, Fig. 4, b. Then MzH(B—S;””)) and
(n+l) _ -1
S, =B-AIH

I=HP-0) and H=IB—0a)"' we may obtain
(block 26):

Taking into account that

S =B AIB-o) ™

The obtained value S;’”') is written into q”’ cell

of the array {S,.,(Q)}. After that the content of the

counter increases per unit (¢ + 1) (block 27). If the
value (¢ + 1) does not exceed the value (Q — 1) then
the algorithm passes on to definition of the next

S(n+l)

coordinate S,°

. On reaching the value g =0 -1

(block 28) the array {S,,,(Q)} is completely orga-
nized and the work of the algorithm is finished. The
next value x,,, is waited.

IV. CONCLUSION

In the modern conditions the data processing
system to control by reliability must provide imme-
diate use of each element of the incoming informa-
tion to obtain and get more specific needed statistical
estimations. These estimations may be used to solve
problems of complex dynamic systems reliability.
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