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POUZITIE FUZZY LOGIKY V RIADENI KRITICKYCH PROCESOV

USING FUZZY LOGIC IN THE CRITICAL PROCESS CONTROLLING

Pre riadenie bezpecnostne kritickych procesov sa casto pouzivajii
dvojkandlové riadiace systéemy. V clanku je ukdzany prinos fuzzy
logiky pri komparovani vystupnych informdcii takych systémov. Na
priklade jednotky cielového brzdenia trakcného vozidla je uvedeny
ndvrh fuzzy kompardtora vstupnych velicin a jeho optimalizdcia
metédou ANFIS. Poruchy systému sii simulované v prostredi Matlab-
Simulink. Vysledkom je analyza vplyvu poriich na bezpecnost riade-
nia jazdy vlaku.

1. Opis kritického procesu

Riadenie Zelezniénej dopravy ma vsetky atributy bezpec-
nostne kritického procesu [1]. Jeho subsystémom je sustava cie-
Iového brzdenia trakéného vozidla umoziujica zastavit vlakovi
supravu v danom mieste trate s definovanou presnostou.
Podmienkou je vysoka vierohodnost informacii o okamzitej
polohe i rychlosti supravy.

Informacia o skutoénej rychlosti vozidla je urcujicou pre
cielové brzdenie supravy. Ak su obidva subsystémy merania
rychlosti umiestnené na mechanicky odliSnych prvkoch sustavy
(snimanie otacok trakéného motora, snimanie otacok hnanej
alebo vleCenej napravy), mozno vplyv oboch rusivych javov eli-
minovat.

S ohladom na to, Ze spravanie systému pri bezporuchovej ¢in-
nosti je deterministické, ale pod vplyvom poruch sa stava spravid-
la stochastickym, je vyuzitie fuzzy logiky pre ich spracovanie
a rozhodovanie opodstatnené, ba nevyhnutné. RieSenie konvenc-
nymi prostriedkami by nebolo efektivne.

2. Modelovanie, optimalizacia a simulacia

Fuzzy komparatory sa obvykle navrhuju heuristickymi
postupmi, ktoré nezarucuju dosiahnutie optimalnych funkcii pri-
slusnosti jednotlivych premennych. Ulohou je navrhnut fuzzy
komparator udajov v, v, o okamzitej rychlosti, ktorého vystupom
je informacia o miere vierohodnosti prvej z nich. Miera vierohod-
nosti nadobuda hodnoty z intervalu (0,1). Navrh fuzzy kompara-
tora (obr. 1) je opisany v [2]. KvalitnejSie si komparatory, ktorych
cielovy tvar funkcii prislusnosti sa dosiahol algoritmicky, postup-
nym ucenim sa systému na definovanej mnoZine vzorovych
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In this paper the advantages of fuzzy logic used for two - channel
systems output comparison in safety - related critical applications have
been presented. The paper deals with the design of the fuzzy logic -
based comparator that compares the data of traction vehicle velocity in
target braking process and its optimisation using the ANFIS method.
Some failures of the system in Matlab - Simulink environment have
been simulated. The result is the analysis of failures consequences
from the point of system safety.

1. Critical process description

The control of railway traffic has all the attributes of the
safety critical process [1]. One of its subsystems is a unit for target
braking of the traction vehicle that allows to stop the train
at a designated position of rail-road line with defined precision. It
is upon the condition that accordance of information on
immediate position and velocity of the rolling stock is high. The
traction vehicle is equipped with two independent units for
measuring velocity. Information about real velocity of the vehicle
is of determination for target braking of the rolling stock. If both
subsystems of velocity measurement are placed on two
mechanically different elements of the rolling stock, then it is
possible to eliminate influence of both noisy effects. The system
behaviour with regard to fault-free activity is deterministic but
under the failure influence it becomes stochastic regular, therefore
the use of fuzzy logic for their processing and reasoning is well-
founded even unavoidable. Making solution with conventional
means would not be effective.

2. Modelling, optimisation and simulation

Fuzzy comparators are usually designed by heuristic methods
which do not guarantee the attainment of optimal membership
functions of separate variables. The main problem is to design
a fuzzy comparator of instantaneous velocities v, and v, with
information about credibility rate of the first of them at its output.
The design of the fuzzy comparator (Fig.1) is described in [2].
Comparators with the target shape of membership functions
attained in an algorithmic way via adaptive learning of the system
on the defined set of pattern I/O data pairs have higher quality
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vstupno-vystupnych datovych dvojic [3]. Vysledkom takého pri-
stupu je adaptivny neuro-fuzzy inferencny systém - ANFIS.

Na uplatnenie metody ANFIS je potrebna tréningova
mnozina dat, na ktorych sa adaptivna siet uci. Kazdy bod trénin-
govej mnoziny je definovany pri-
slusnou rychlostou v,, absoliitnou
odchylkou Av a mierou vierohod-
nosti. Vysledna plocha optimalizo-

Dominant information
about vehicle velocity

[3]. Such an approach results in adaptive neuro-fuzzy inference
system ANFIS.

For using ANFIS it is necessary to have a training data set
that contains desired input/output data pairs of the target system
to be modelled. Each point of the
training data set is defined by
relevant velocity v,, absolute
deviation Ay and credibility rate.

Credibility rate

vaného fuzzy komparatora je na
obr. 2.
Na overenie dynamickych

FUZZY COMPARATOR

Optimised FIS of comparator
surface is shown in Fig. 2. The

vlastnosti navrhnutého fuzzy kom-
paratora bol v prostredi MATLAB,

AV=VI-V2 model of the system for verifica-
R tion of dynamic characteristics of

Fuzzy toolbox a Simulink vytvo-

Velocity V1
reny model sustavy [2]. Obsa- elocity

the designed fuzzy comparator

Velocity V2 . i
i that was created in Matlab envi-

huje dve jednotky merania rych-

losti trakéného vozidla TACHOI Eciome el

ronment using Fuzzy Toolbox and

L TG 2 Simulink is initiated in [2]. This

a TACHO 2, ktorych vystupnymi
premennymi su okamZité rychlosti
v, a v, s definovanym casovym
priebehom, model fuzzy inferenc-
ného systému (FIS) komparatora
a zobrazovacie jednotky relevant-
nych ¢asovych priebehov.

Pre simulaciu realneho proce-
su sme zvolili exponencialnu funk-
ciu brzdenia trakéného vozidla
(v;) s pociatocnou hodnotou
200 km/h. Vystup v, jednotky
TACHO 2 by mal v bezporucho-
vom stave rovnaky casovy priebeh,
ale implementaciou zvolenej dys-
funkcie je jeho okamzita hodnota
vzdy véacsia o 15 % (obr. 3).
Mozno predpokladat, ze tato sku-
tocnost nepriaznivo ovplyvni vie-
rohodnost udaja o rychlosti v,. Ak
by objektivna rychlost vozidla bola prave vy, t. j. odchylka je zapri-
¢inend chybou tachometra V,, musi byt entropia informacie v,
korelovana s okamzitou hodnotou zodpovedajicej miery viero-
hodnosti (< 1), lebo s rovnakou pravdepodobnosfou by mohol
nastat aj opacny jav. Graf ¢asového priebehu vystupu fuzzy kom-
paratora na obr. 4 ukazuje, Ze funkcia miery vierohodnosti uidaja
v, je pri konStantnej relativnej chybe merania nelinearna. Tvar
krivky ma délezitu vypovedaciu hodnotu aj vo vztahu k ploche
fuzzy komparatora, pretoZe je trajektoriou suradnic spojitého
technologického procesu. Krivka neobsahuje body s vyraznou
nespojitostou funkcie, ani lokalne extrémy, ¢o sved¢i o dobrych
vlastnostiach fuzzy inferencného systému [3].

Credibility rate [-]

Deviation [km/h]

3. Bezpecnost cielového brzdenia vlaku

Najnovsie trakéné vozidla disponuju regulatorom rychlosti
zacClenenym do vlastného riadiaceho systému. Princip ¢innosti cie-
Iového brzdenia spociva v sledovani okamzitej vzdialenosti od

Obr. 1. Blokovd schéma modelu
Fig. 1 The model block diagram

Obr. 2. Plocha FIS optimalizovaného kompardtora
Fig. 2 Optimised FIS comparator surface

model consists of two units for
measurement of traction vehicle
velocity TACHO1 and TACHO?2,
whose output variables are instan-
taneous velocities v, and v, with
defined time-course, model of FIS
of comparator and representing
units of relevant time courses.

To simulate a real process,
the exponential function of the
traction vehicle braking (v,) with
the starting value 200 km/h was
chosen. The output v, of TACHO2
should have the same time course

o 100
200 in the failurefree state, but using

Velocity [km/h] an implementation of the chosen

disfunction, its instantaneous value
is always higher by about 15 %
(Fig. 3). This fact can be assumed
to have a negative influence on
the credibility of the value of v,. If the objective vehicle velocity
was exactly just v, i. e., the deviation is caused by fault of
TACHO?2, redundancy of information v, would have to be
correlated with the instantaneous value of the relevant credibility
rate (< 1), because occurrence of the opposite phenomenon has
the same probability. Fig. 4 shows the time course of the fuzzy
comparator output. The figure of this curve has an important
declaring meaning with respect to fuzzy comparator surface,
because it is the trajectory of coordinates of the continuous
technological process. This curve neither includes points of
marked uncontinuous function, nor local extremes. This fact
testifies that characteristics of FIS are correct [3].

3. Safety of the train target braking
The latest traction vehicles dispose of a velocity regulator

incorporated into the control system. The operation principle of
the target braking is in following the instantaneous distance to the
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ciela (zvySku drahy do ciela), generovani nelinearnej funkcnej
zavislosti navadzacej rychlosti vlaku a riadeni regulatora rychlosti
so znamou cielovou funkciou.

Navadzacia funkcia cielového brzdenia je parabolou 2. stup-
na [4]:
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target (to the rest of the trajectory to the target), generating non-
linear functional dependency of the train’s guidance velocity and
controlling the velocity regulator with known target function.

The guidance function of the target braking is a second order
parabolic function [4]:

250 . .
v=3,6V2a,s, (1) : :

kde v je okamzita rychlost [m/s],
a, je nomindlne odrychlenie
[m/sz], s je zbytok drahy do
ciela [m].

[km/h]

Navedenie vlaku na navadza-
ciu krivku je charakterizované
linearnym narastom odrychlenia
v Case ((da/dt) = konst.) a v zavere

v=3.6 V2a,s, (1)

where v is the instantaneous
velocity [m/s], a, is the nominal
deceleration [m/ sz], s is the rest of
the trajectory to the target [m].

The train guidance to the
guidance curve is characterised by
linear deceleration rise in time
and in tow of the target braking

cielového brzdenia dochadza 0 5 10
k linearnemu poklesu odrychlenia
v Case na hodnotu cca 0,2 - 0,3

m/s>.

15 20 25 30
Time (second)
Obr. 3. Simuldcia chyby merania rychlosti
Fig. 3 Simulation of velocity fault measurement

there is the linear deceleration
decrease in time to the value
about 0.2 to 0.3 [m/s?].

The velocity regulator will lead
the train to the optimal guidance

Regulacia rychlosti navedie
vlak na optimalnu navadzaciu
krivku len za predpokladu, zZe jeho
vstupmi su vierohodnotné infor-
macie o okamzitej rychlosti
a zvySku drahy do ciela. Vtedy
vlak bezpecne dobrzdi vo vzdiale-
nosti s od okamZitej polohy na
trati:

2

V
(2)

N

curve just provided that its inputs
hold veracious information about
instantaneous velocity and the rest
of trajectory to the target. Under
these preconditions, the train will
brake down to stop with safety in
the distance s from the train
instantaneous position at the
railroad line:

2
V

== 2
3.6%2.a, @

N

3,6%2.4, 0 : :

0 5 10

Fuzzy komparator udajov

o rychlosti vlaku umoznuje kvanti-

fikovat presnost iidaja o okamzitej

rychlosti pomocou parametra

Lmiera vierohodnosti“ (MV). Nech maximalna absolutna chyba

merania rychlosti pri danej hodnote MV je Avyy,. Vlak bezpecne

dobrzdi vo vzdialenosti s + As,,,, od okamzitej polohy na trati,
t. j., s presnostou As,

(v + Avyp)?
s+ Asyy=——""7"— 3)
M 3620,
Maximalna pomerna chyba cielového brzdenia je:
s Avy\2
Eyy = =<1+ MV) 4)
st+Asy,, v

Maximalna pomerna chyba € cielového brzdenia pri y - per-
centnej chybe konvenéného regulatora je dana pomerom skutoc-
nej vzdialenosti s ciela a chybovych zvySkov s’ drahy:

Y

K 2
aw—?—@+ﬁd )

15 20 25 30
Time (second)
Obr.4. Miera vierohodnosti tidaja v, pri chybe merania
Fig. 4 Credibility rate of value v; under measurement fault

The fuzzy comparator of data
on the train velocity enables to
quantify the precision indication
of the instantaneous velocity via
parameter “Credibility rate“ (CR). Let’s denote Av, the maximum
absolute error of the velocity measurement with the CR value
given. Then the train will brake down to a stop with safety in the
distance s + Asc, from the instantaneous position at the railroad
live, i.e. with precision As z:

(v + Aveg)?
+Asop = 3
STRT T3 604, ©)
The maximun comparative error of the target braking is:
s Avep\2
Er = =1+ — 4
R s+Ascg ( v ) )

The maximum comparative failure € of the target braking at
v -percent error of the conventional regulator is given as a ratio of
the real target distance s and the error rests s’ of the trajectory:
Y

K 2
dw—?—@+ﬁd )
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Obr. 5. Pomernd chyba cielového brzdenia fuzzy a konvencného reguldtora

Fig. 5 The comparative error of the target braking by the fuzzy vs. conventional comparator

Grafy rovnic (4), (5) pre hodnoty y=3,4a5 %, v=>50, 100,
150 a 200 [km/h] st na obr. 5.

4. Zaver

Navrhovany princip komparacie vylucuje potrebu navratu k
manualnemu riadeniu procesu pri vyskyte poruchy alebo ju
vyrazne redukuje. Aktudlna informacia o miere vierohodnosti
meranej rychlosti vstupuje jednak do algoritmu riadenia jazdy, ale
ma aj arbitrazny vyznam pri analyze prifin pripadnej nehody.

Zovseobecnenim opisanych principov mozno dospiet ku kva-
litativne vySSiemu stupnu komparacie, kedy je fuzzy inferencny
systém schopny generovaf spravny vystup za predpokladu, Ze
aspon jeden z prenosovych refazcov poskytuje vierohodnu infor-
maciu o dynamike sledovaného procesu [2]. Taky riadiaci systém
je potom schopny korigovat svoje chovanie pri vyskyte definova-
nych poruch menej ohrozujicim spésobom.

Z vysledkov vyplyva:

e Ak sa vlak pohybuje v oblasti navadzania na navadzaciu krivku
pociatocnou rychlostou 100 km/h, bude maximalna pomerna
chyba cielového brzdenia pomocou fuzzy komparatora mensia
ako pri konvenénom regulatore pracujuceho so 4 % - nou
chybou len za predpokladu, ze fuzzy komparator bude pracovat
s mierou vierohodnosti lepSou ako 0,60. Z principu navrhu
fuzzy komparatora vyplyva, Ze takej miere vierohodnosti zod-
poveda odchylka meraného tidaja rychlosti = 4,13 km/h.

Diagrams resulting from equations (4) and (5) for values
vy=3,4a5%,v=>50,100, 150 a 200 [km/h] are shown in Fig.5.

4. Conclusions

In the case of a system of target breaking of a traction vehicle
the designed principle of a comparison excludes the requirement for
return to the manual process control under a failure occurence or
reduces it significantly. Relevant information about credibility rate of
the measured velocity enters not only the control algorithm of drive,
but it also has an arbitrary meaning in casual accident analysis.

Generalising the all described principles, it is possible to
reach a higher level of comparison quality when the FIS is able to
generate correct output when assuming, that at least one of the
transmission channels provides a reliable information about
dynamism of the followed process [2]. Such a control system is
able to correct its behaviour under occurrence of defined failures
in a less threatening manner.

The following facts resulted:

o [f the train’s starting velocity is 100km/h in area guiding to the
guidance curve, the maximum comparative error of the target
braking with fuzzy comparator will be less than considering the
conventional regulator, that is working with a 4 percent error, just
with assumption that a fuzzy comparator will working with
a better credibility rate than 0.60. The design principle of a fuzzy
comparator results in a deviation of the measured velocity
+ 4.13 km/h that corresponds to such a credibility rate.
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o Ak bude fuzzy komparator generovat udaj o miere vierohod-
nosti vacsi ako 0,8 (max odchylka je = 5,13 km/h), bude pri
kazdej rychlosti vlaku maximalna pomerna chyba cielového
brzdenia mensia ako 5 % pri konvencnej regulacii.

Snahou autorov bolo poukazat na moznosti vyuzitia redun-
dancie u dvojkanalovych systémov v bezpecnostne kritickych apli-
kaciach. Konvencné komparatory su schopné vyskyt poruchy
jedného z kanalov len konstatovat, fuzzy komparator umoznuje
systému pokracovat v predpokladanej funkcii. Z hladiska bezpec-
nosti riadenia nie je ukazany sposob detekcie poruchy obmedzuj-
ucim faktorom, lebo pri znalosti vlastnosti kritického procesu
mozno definovat medzné hodnoty miery vierohodnosti meranych
udajov, pri ktorych je uroven bezpecnosti riadenia postacujica.
Ide najma o hierarchiu bezpecnosti jednotlivych funkcii systému.
Zretelny je aj pozitivny vplyv na prevadzkovi spolahlivost
systému.
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o [f the fuzzy comparator generates data with a credibility rate
higher than 0.8 (max deviation is = 5.13 km/h), the maximum
comparative error of the target braking at any train velocity will
be smaller than 5 % in a conventional regulation.

In this paper a possibility of using redundancy in a double-
channel system in the safety-critical applications is represented.
Conventional comparators are able just to verify a failure
occurrence on one of the channels, a fuzzy comparator enables
a continuation of the system assumed function. From the point of
a safety control the shown way of fault detection is not a limiting
factor because under the known characteristics of a critical
process we can define the limit values of a credibility rate of
measured data where the level of safety control is sufficient.
Safety hierarchy of individual system functions is mostly the point
of question. The positive influence on operational reliability of the
system is legible, too.
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