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PRINCIPY ZNIZOVANIA RIZIKA

RISK REDUCTION PRINCIPLES

Uvedené principy sii sposoby overovania miery rizika pre spojity
systém, s casovymi vzorkami pre pozorovanie stavu systému. Navrhnutd
neuronovd siet kopiruje plochu funkciu vwkonu, na ktori si apliko-
vané niektoré Statistické postupy pre zistovanie miery spolahlivosti.

1. Uvod

Kazda cinnost, ktorej sa Clovek venuje, prinasa isti mieru
rizika pre neho, aj pre jeho okolie. Jej velkost sa da ovplyvnit na
urovni fyzikalnych dejov v systéme. Svoj vyznam ma tieZ Statis-
ticky model.

2. Funkcia stavu a vystupna funkcia

Vsetky dynamické systémy sa daji opisat sustavou rovnic
(1.1). V kritickej oblasti je A(z,x,u) < 0, nezavisle od u, pri pod-
mienke, Ze x je vychylené z x,, (hranica bezpecnej oblasti) o viac
ako e.

A
— = tx,
7 (tx.u)

Y=C-x+D-u

(L)

Je to poziadavka inherentnej bezpecCnosti, teda Ze systém by
sa mal branit vonkaj$im nepriaznivym vplyvom riadenia a samo-
volne zacat znizovaf energiu v urcitom stupni svojho vyvoja, ak
ma vlastnost bezpecnosti vrodenu. Ak sa systém povazuje za line-
arny v uritom Case i.6, s maticami 4 a B pre prvu rovnicu (1.1)
a stav x je odvodzovany z vystupnej premennej Y, pri su¢asnom
poOsobeni nezelanej viazby vystupu na riadenie u, oznaceného ako
matica D?, rozdiel e medzi dvomi po sebe pozorovanymi vektormi
Yje podla (1.2).

Pri procese riadenia retazovej reakcie je bezpecny stav systému
pri minimalnom vykone, ale je tu najvacsie riziko prechodu reak-
tora do kritického stavu na okamihovych neutronoch, so strednou
dobou Zivota /. Zjednodusend rovnica pre narast poctu neutrénov
n, pri koeficiente reaktivity k,,, je podla (1.3). Je to rovnica neza-
hriaujuca absorbéné mechanizmy, pozri [1].

€(i+1)=06-C-A-x(i))+6-C-B-u(i)+ D" (u(i + 1) — u(i))

* Ing. Rastislav Kuliha

Various ways are applied for the attestation of a risk degree for a
continuous system, with time samples for observation of the state.
The neural network has been designed. The parameters of reliability
have been calculated for flat power function.

1. Introduction

Every human activity brings about risk not only for the subject
involved in it but also for its environment. A degree of risk can be
influenced respecting physical actions in the system. The statistic-
al model has also its importance.

2. State function and output function

All dynamic systems can be described by a set of equations
(L1.1). In a danger zone there is a transition matrix A(tx,u) <0
independently on #, on condition that x is deflected from x,,
(border of safe area) more than allowed.

A
— = 1.x,
7 (tx.u)

Y=C-x+D-u

(1.1)

This is an inherent safety demand. The system should resist
outside negative command impacts. Next it should spontaneously
begin to scale down energy, by which to pass to a safer state. For
the first equation (1.1) the system which can be considered approx-
imately as linear in certain time 7.6, is described as A.x + B.u.
State x is derived from the output variable Y. The difference €
between two consecutive vectors ¥ with consideration for output
effects of unwanted control coupling D” is according to (1.2).

The process of control of a chain reaction isn’t in a safe state
if the reactor works on the minimum power [1]. Since the danger
that reactor passes to the critical state on prompt neutrons with a
mean life /; is the highest. It is necessary to control the system car-
refully in this period. A simplified equation for accumulation of
thermal neutrons » if reactivity factor is ,, is expressed in equation
(1.3). It is an equation which includes no apsorptive mechanics.

(1.2)
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dn  ky—1
Ty
dt /

s

(1.3)

Chybna informacia o pocte tepelnych neutrénov # a zasah ria-
denia, napr. zmena k,,z 1 na 1,01 ak je pomer okamihovych neut-
ronov k tepelnym vyssi, a teda aj /; menSia, napr. 1075, ma za
nasledok taky narast n, Ze reaktor sa stane neriaditeny. Vychadza
z toho maximalna rychlost posunu regulacnych tyc¢i a inherentné
vlastnosti bezpecnosti, ako je pokles reaktivity ks teplotou, tiez
zmiernuju narast vykonu.

3. Staticky model sériového kolajového obvodu

Vlastnost inherentnej bezpecnosti nemusi byt postacujica. Je
dolezité znizit pravdepodobnost jeho zlyhania. Pri uvahe o bez-
pecnosti sustavy je potom
dolezita jej zakladna logicka 1 J

funkcia, bez dynamickych
zmien. V dvojrozmernom
priestore sa da analyzovat
model sériového kolajového

Source

N

obvodu (obr. 1). Spravanie
je zavislé od sily F, posobia-
cej na navestné relé, s hra-
ni¢nou hodnotou pre prifah
F, a prudu prechadzajuceho
kolajovym obvodom J. Jeho
hodnoty pre pritiahnutie
a odpadnutie kotvy su J,,;,
aJ,,. pre relé J. Ak je sila
F, vacsia ako F,, svieti zele-
na. Ak je prad J vacsi ako
Jonin» ZnaMena to pritomnost
vlaku. Sila F, stlacenia kon-
taktov relé N, by mala byt
potom menSia ako F,.

Kazdému bodu stavo-
vého priestoru sa da priradif
uroven bezpeCnosti. Nie je
naro¢né zostavit takéto prira-
denie a odhadnuf systém ma-
juci rovnaku funkciu, ktorého
struktura je odhadnuta a pa-
rametre vypocitané z mnoziny pozostavajucej z n dvojic m-roz-
mernych vstupnych a im zodpovedajucich k-rozmernych vystup-
nych vektorov. Z trénovacej mnoziny sa daju odhadnut vahy a prahy
neuronovej siete (NN), kritériom minima energie E. Tvori ju stucet
rozdielu §tvorcov (2.1) medzi skutoénou hodnotou S; a ocakava-
nou hodnotou vystupu O,. Struktira s 2 neurénmi v skrytej vrstve
s prahmi v;, a 1 vystupnym, s prahom ¢, a vahami synaps wy; a v;
je na obr. 2.

zy = (G TS+ va))

2 = (D + vyaf + vay))

Obr. 1. Kontakt relé J, ktoré vypina zelené svetlo
Fig. 1. Contact realy J that open green light

Obr. 2 NN, s vystupmi 2. vrstvy z; a z,
Fig. 2 NN, with output of second layer z; and z,
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dn ky—1

T,
dt /

s

(1.3)

A false report about the number of thermal neutrons # along
with a bad intervention of the control system can cause that it will
be impossible to restric the chain reaction, e.g. by the k,change
from 1 to 1.01. Considering that the ratio between prompt neu-
trons and thermal neutrons is higher than allowed then the /; is
less, e.g. 107>, the accumulation # in a time unit is very abrupt.
The reactor begins to be uncotrollable. That can be seen in (1.3).
But properties of an inherent safety as loss of reactivity with tem-
perature, mitigate the accrual of power. The mechanism of the
active safety can be defined by the equation (1.3) - limitation of
speed of regulation bars.

3. A static model of a serial railway track circuit

The property of the inherent and active
safety needn’t always be sufficient for the glob-
al safety. It needs also monitoring of the system
reliability. It means to determine its break down
possibility. It is important considering the safety
the basic logic function without dynamic alter-
ations. A serial railway track circuit model can be
analysed with regard to two variables F and 1.
This model is shown in Fig. 1.

Behaviour of this system depends on the
force F which acts at a signal relay with a limit
account for the ballast F;, and on the current
I that flows through the circuit. Its values for
pull and defection of the relay J are [, and
1. If its force F is above the measure F),, the
green signal must be flared. If [ is greater than
I, that represents a train’s attendance. After-
wards the force F, which presses the contact of
the relay N should be less than F,.

A safety level can be assigned to any point of
a state space. It isn’t difficult to arrange a func-
tion determining a level of safety of every point at
the state space. That function can be realised, for
instance, by the system, whose structure was
adjusted and the arguments were calculated
from the aggregate N couple m-dimensional
input and A-dimensional output vectors cor-
resonding to them.

7y = (O + vy S+ va))
z, = (S + vpaf + 1))

1 n
E=- > (S 0 (2.1)
k=1

x) = 1 + exp(—x)

S= 1@+ w2 T wy2,)
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1 n
E= 52 (S =0 2.1
k=1

1x) = 1 + exp(—x)

S=1le+ w2 + wyz5)

Zmena velkosti prahov ¢ v i+ 1. kroku moZe prebiehat podla
(2.2), p je momentovy ¢len (w = 0.5 + 0.7), A je rychlost ucenia
(A = 0.1). Rovnako sa postupovalo pri vypoCte ostatnych prahov
a vah. E je nutné najskor derivovat podla S, potom podla ¢, ako
zavisli premennu. Viac je mozné sa dozvediet v [3].

i

Oe

i+1

el=¢ -2

tu (@ (2.2)

4. Funkcia vykonu G

Systém je v stavovom priestore v bezpe¢nom stave, ak je jeho
funkcia vykonu G kladna. Pravdepodobnost nebezpecného stavu
je definované podla [4] ako (3.1).

D je priestor, v ktorom je G kladna. Pre koeficient spolahli-
vosti 3 plati (3.2):

The balances and bias of neural network (NN) can be adjusted
from the training set (NN) by the criterion of the mini power E.
Therefore, the energy contains the sum of square differences
between the actual output S; and anticipation sample O, from the
training set, according to (2.1). If there are more speciments than
the total energy is sum of energy for all specimens. Fig. 2 gives us
the structure with two neurons in a hidden layer with bias v;, one
neurons in a output layer, with the biasmeasures ¢, if the balances
of synapses are w; and v;. The relationship between the bias mass
@ at i+1 and at / in every time step is by (2.2). The sign u is a cell
of moment (u = 0.5 + 0.7) and the A is a rate learning (A = 0.1).
The other bias and balances must be calculated as well but they
must be in (2.2) instead of ¢. The trouble is that we must differ-
entiate £ at first after S and afterwards after ¢, respectively w;, v;
or ¥ as a dependent variable. It needs to come on like that for the
calculation of the parameters by a back propagation method. More
about that can be seen in [3].

i

i+1

A e YRR R C A 22)
¢

4. The Power function G

This method was applied also in [4]. The system situated in
a safety status at a state space, if its power function G is positive.
The probability of its transition to a dangerous state p,(3.1) and
the reliability coefficient 3 (3.2) are defined in the following way:

w=man<w)=Lﬁu;&any¢mw,Jm (3.1)
E(G(X))

B=—— (3.2)
T6x)

E je strednd hodnota funkcie G, E(G(X)) = G(m,, m,, ..., m,) =
= G(m) uvazovana ako jej velkost pre bod m, ktory je strednou
hodnotou stavového priestoru.

T =D, D
j=1i=1
o Je Tozptyl a p(X, X;) = E[(X, — X)) - (X; — X)] je koefi-
cient kovariacie [2].
Ak je v priestore X mozné uvazovat hladku funkciu G, sustavu
je mozné opisat sigmoidalnou funkciou vykonu, napriklad podla
(3.4).

0G(X)
DM;TE_

Let E be a mean value of the power function E(G(X)) = G(m,,
m,, .., m,) and m a vector mean values of components from the
state space.

G
&) (3.3)

o X))
Oy 18 @ dispersion of the variable X, p(X;, X)) = E[(X; — )7,-) .

(X; — X))] is the covariation coefficient [2]. The safety of the

system can be defined by the exponential power function (3.4).

" 1 1
G(x)= > u —— —— 3.4
( ) 1:21 Ijlz_[] 1+ S/ingX/ Yiimin | 4 S/-L\,e (X — Xji max) ( )
0G(x) N S, e T Xkmax _ g o~ (o F Xkimin) n 1 1
= u; Kix v fan — ¥ 0 H —(Xj — Xji max) Xj — Xji min (35)
0x;, = (14 S0 T ¥y o (] + 8, e (o + xpi mm)) =1 1+ Sﬂ_xg 1+ Sﬂ_”e

n: rozmernost priestoru, na ktorom je definovana funkcia G,

N: pocet oblasti, na ktorych je funkcia G definovana svojou
uroviou,

u;: velkost funkcie G na oblasti / je kladna alebo zapornd, podla
rizika,

S;;,+ priznak narastu prierezu v i-tej oblasti v smere osi j; ak exis-
tuje skok w5, = Uppgy O Sy, =1, inak je 0

n: is dimension of the area,

N: the number of areas in which the function G is defined by
a level of its safety,

the scale of G on the area i, it can be positive or negative, and
its value is according to the risk degree,

S, the accrual attribute for a cross section of the area i in dire-

jin*
ction of the axis j. If there is a jump u;,,,, — Uypey O Sy, =1,

u;

i
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S, priynak poklesu prierezu v i-tej oblasti v smere osi j; ak exis-
tuje skok u;,,0 = Ujin » inak je S = 0.
Pre funkciu na obr. 4 a oblast (F>F,,J <J,,,), naobr. 3 je
i=4.Teda Sy, = Sp, = 1, Sjuy = Spue = 0. Ale pre i = 3,
(F<F,,J>J,,),i€S53,=0,8S3, = 1,Sm, =1, S, =0.

Xji mins Xji max- DOdy 12 osi j, v ktorych nastava prechod u; u;,,,, —
= Uppin TSP Ui = Uimgx-

Pre tento pripad je pocet oblasti N = 5 a existuju dve stavové
premenné Fa J, teda n = 2, priCom hodnoty funkcie G mozu byt
podla obr. 3.
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S, the decrease attribute for a cross section of the area i in dire-
ction of the axis j. If there is a jump u,,,,,., — u,,,;, for this area
w0 S =1
For the function in Fig. 4 and area (F > F,, J <J,,;,), Fig. 3, is
the number of the area i = 4. Thereafter S;,, = S, = 1,
Sy = Spy =0. But for area i =3, (F<F,, J>J,,),
Spn = 0,83 = 1.8, = 1. S, = 0,

X; min: the point in this axis j at which a jump u,,,, — U, 18

determined for u;; when we describe point x; .y © Uimin = Uimay-

For this case is number of area N =

= 5, (3.4). There are two variables of

state Fand J, hence area dimension is n =
2, and values of G can be seen in Fig. 3.

Imin '.' —
Funkcia vykonu G podla + - +
(3.4) je na obr. 4. Je vycho- Lnax
diskom pre NN so 6 skrytymi +=-=- +
neurénmi, ak vstupné vzory Fi

su z priestoru (J,F). Odozva
skutocnej NN je na obr. 5.
Chyba E bola ako na obr. 6.
Najvhodnejsie je zvysit Cas
vyskytu systému v bode (0,10)
priestoru (J,F), (obr. 7). Taky

Obr. 3 Hodnoty funkcie G. Podla poctu znamienok ,+*
a " je urcend pribliznd velkost funkcie vykonu
Fig. 3 Values of the power function G. It is according
to number of signs

Fig. 4 gives us the power function G
by the formula (3.4). This function is a
source for NN with 6 six hidden
neurons, if the input models are from its
area (J,F). The response of actual NN
(Fig. 5) is not accomplished. The weights
are in Tab. 1. The error E calculating in

Obr. 4 Funkcia vykonu G
Fig. 4 Power function G

60
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40t

pals
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0 50 100 180 20 %0 0 #0 AW
krok algeritmu
Obr. 6 Energia pre iterdcie od 0 do 400
Fig. 6 Energy for iteration for steps from 1 to 400

Obr. 5 Odozva NN pre 160 vzorov
Fig. 5 NN reaction for 160 samples

Obr. 7 Funkcia B, pri malom statistickom rozptyle
Fig. 7 Reliabilly coefficient B for a little statistical dispersion in every point
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stav by bol z hladiska spolahlivosti najprijatelnejsi, ale prevadzka
by bola slaba, stale by svietilo Cervené svetlo.

Vysledok algoritmu pre najoptimalnejSie vahy, ak su zaciatoc-
né hodnoty zvolené z normalneho rozdelenia, je v tab. 1. Oznace-
nia su ekvivalentné obr. 2, len pocCet skrytych neurénov je vyssi.
V skrytej vrstve je 6 neurénov.

all steps in the back propagation algorithm is in Fig. 6. The best for
the reliability is to advance the time occurrence system at the point
(0,10) of area (J, F), (Fig. 7). It is also little effective, because the
action circuit is active in the area G > J,,,;,,. The exit from the algo-
rithm, hence optimal balances, if the initial amounts of the values
are from a normal distribution is in tab. 1. Marks are equivalent
Fig. 2; only the number of the hidden neurons is higher. There are

6 units in the hidden layer.

Parametre NN Tab. 1 Parameters of NN Tab. 1
w=(1.0287 09086 3.7054 2.4374 1.3019 3.5697) w=(1.0287 09086 3.7054 2.4374 1.3019 3.5697)
v= —5.3882 v= —5.3882

—0.7918 0.6228 -0.7918 0.6228
—0.7364 0.5455 —0.7364 0.5455
_ 0.7354 0.9761 _ 0.7354 0.9761
—1.8929 0.8742 VI -1.8929 0.8742
—1.4530 1.1581 —1.4530 1.1581
1.0960 —4.1485 1.0960 —4.1485

¢ =(—1.0084 —0.7046 —4.6716 7.0999 0.8789 1.0774) ¢ =(—10084 —0.7046 —4.6716 7.0999 0.8789 1.0774)

5. Zaver 5. Summary

Prvky aktivnej bezpecnosti zarucuju riadenie s dostatocnou
rezervou pri nepritomnosti vrodenej bezpecnosti systému. Vychadza
Z pozorovania stavu. Matica D” (1.2) moze byt priCinou skresle-
nia stavu systému pozorovaného na vystupe Y. Funkcia G zostavena
podla (3.4) je vhodna aj pre viac rozmerov a pre trénovanie viac
ako dvojvstupovych NN.
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