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FUZZY LOGIKA V RIADENI ZELEZNICNYCH VOZIDIEL -

NUTNOST ALEBO MODA?

FUZZY LOGIC IN RAILWAY VEHICLE CONTROL - A NECESSITY OR A MODE?

Cldnok sa zaoberd literatiirou pripisovanymi a skutocnymi viast-
nostami prevdadzkovanych konvencnych (nie-fuzzy) reguldtorov na
automatizdciu riadenia Zeleznicnych vozidiel. Na prikladoch z beznej
previdzky na Ceskych drihach dokazuje, Ze konvencné reguldtory sii
nielen prevdadzkyschopné, ale Ze majii také parametre, ktoré budii
fuzzy zariadenia len tazko spliiat. Svoje tvrdenia podporujeme nie
vsledkami simuldcii, ale vysledkami skutocnej mnohorocnej pre-
vadzky konvencnych reguldtorov rychlosti a cielovéeho brzdenia.

V poslednom ¢ase sme mali moznost precitat niekol'ko odbor-
nych ¢lankov, opisujucich moznosti vyuzitia regulatorov na baze
fuzzy logiky v procese riadenia Zelezni¢nych hnacich vozidiel. Aj
ked tieto ¢lanky pochadzali od autorov z rdoznych casti Eurdpy,
vSetky sa vzacne zhodovali v tom, Ze iba fuzzy logika umozni
vytvorit regulator rychlosti ¢i regulator cielového brzdenia pouzi-
telny v praxi.

V ¢lankoch sa porovnavali fuzzy regulatory, ¢i dokonca iba ich
simulacie so simulaciami regulatorov konvencnych (t. j. nie-fuzzy),
nikdy nie vSak s regulatormi skutocnymi (aj ked existujucimi
a vyuzivanymi). Z tychto porovnani vzdy vychadzali fuzzy regula-
tory ako lepSie - t. j. spolahlivejsie, kvalitnejSie, jednoduchsie,
mensSie. Konvenény regulator bol naopak prezentovany ako sice
teoreticky rieSitelIny, avSak zlozity na programovanie, narocny na
pamaif, pomaly, malo stabilny, so zlymi vlastnostami.

Nasa skupina sa problémom automatizacie riadenia hnacich
vozidiel zaobera takmer 40 rokov, z ¢oho poslednych 13 rokov ide
o regulatory cislicové. Citime sa preto byt dostato¢ne odborne
povolani k vyjadreniu naSho stanoviska k danej problematike.

Pripomenme historiu vyvoja automatizacnej techniky pre
hnacie vozidla v CSD a CD.

Prvé regulatory rychlosti vznikli v polovici 60. rokov. Zo zrej-
mych dévodov boli analogové a v analogovej technike je akékolvek
Lfuzzy“ spravanie suciastok neziaduce. Napriek tomuto technolo-
gickému obmedzeniu sa na tejto platforme vyrobilo niekolko
stoviek kusov regulatorov rychlosti v troch technologickych trov-
niach (o. i. to bolo prvé sériové nasadenie regulatorov rychlosti
v Europe a zrejme i vo svete - 35 kusov v roku 1972), ako aj nie-
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The paper addresses features imputed by literature with real fea-
tures of applied conventional (non-fuzzy) regulators for automation of
railway vehicles control. It demonstrates with examples from every-
day operation on the Czech Railways that conventional regulators are
not only able for everyday operation, but they have parameters that
fuzzy regulators will achieve only with difficulties. The authors
support their assertions not by the results of simulations but by the
results of real, long-term, everyday use of conventional speed regula-
tors and target braking ones.

Recently we have read several expert articles dealing with the
possibility of use of fuzzy-logic based controllers in the railway
traction vehicles control process. Although these articles came
from different parts of Europe, all of them conformed to the dec-
laration that only the fuzzy logic enables to create a speed regu-
lator or the target-braking regulator, which are usable in daily
operation.

In the articles, the fuzzy regulators or even only their simula-
tions were compared to simulations of conventional (i.e. not-
fuzzy) regulators, but never to real regulators, which exist and are
in everyday operation. The fuzzy regulators proceeded from these
comparisons as better - i.e. more reliable, first-rate, simpler and
smaller. The conventional regulators, on the other hand, were pre-
sented as theoretically possible but difficult to programm memory
consuming, slow, not stable enough and of bad quality.

Our research group have dealt with the problem of railway
vehicle automation for almost 40 years, from which the last 13
years we have dealt with digital regulators. Therefore, we feel to be
experienced enough in this branch to present our opinions.

Let us remind you of a history of development of automation
technology for traction vehicles for Czechoslovak and next for
Czech Railways.

Speed regulators first came into existence in the half of 1960’s.
They were analogue, of course, and in analogue technology, any
“fuzzy” behavior of components is undesirable. Nevertheless, in
spite of the technological restriction, several hundreds of analogue
speed regulators were made in three technological levels (by the
way, Czechoslovakia was the first country in Europe and probably
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kolko vzoriek regulatorov cielového brzdenia pre Zeleznicu a cela
séria tychto regulatorov pre metro.

Po nastupe Cislicovej techniky tato zacala prenikat aj do oblasti
automatizacie riadenia hnacich vozidiel. Spociatku iba do perifér-
nych obvodov analdgovych regulatorov rychlosti ¢i do obvodov
pomocnych funkcii, avsak zaciatkom 90. rokov bol sprevadzkovany
prvy mikroprocesorovy regulator. Trocha paradoxne bol ako prvy
vytvoreny mikroprocesorovy regulator cielového brzdenia, ktory
spolupracoval s klasickym analogovym regulatorom rychlosti.
Vzhladom na priaznivé skusenosti s analogovym regulatorom aj
vzhladom na jeho vlastnosti bolo celkom prirodzené, Ze program
mikroprocesorového regulatora zodpovedal Struktire jadra regu-
latora analogového. A pretoze analogovy regulator bol konvencny
(nie-fuzzy), bol aj cCislicovy regulator konvencny. Schopnosti pro-
cesoru potom boli vyuZzité na aplikaciu dalSich funkcii a na vylep-
Senie funkcii jestvujucich - iSlo hlavne o celkom novy systém
orientacie vlaku na trati.

Prvy program pre regulator cielového brzdenia (RCB) bol
napisany v assembleri procesoru Z80. Vel'mi tspesne bol v pre-
vadzke odskusany na funkénej vzorke regulatora cielového brzde-
nia prevadzkovanom v rokoch 1991 - 95 na rusni 163.034 medzi
stanicami Praha Masarykovo nadrazi a Kolin. Téza o nepouzitel-
nosti konvenéného regulatora v praxi teda neplati.

V roku 1992 bol systém modernizovany na procesor 18088.
RCB bol prepisany do assemblera tohto procesora a rozsireny
o funkciu energetickej optimalizacie jazdy vlaku (OJV). V jednom
procesore na frekvencii 4.77 MHz teda v realnom Case bezali 4
vetvy CB (to vSetko dokopy taktované prerusenim 50 ms), proces
orientacie na trati (volany vZdy po ubehnuti drahy 0,10 m) a proces
energetickej optimalizacie jazdy. Vel'kost celého programu RCB +
+ OJV je 14 kB, z ¢oho vlastny regulator zabera necelych 0,8 kB,
asi 1,5 kB tvori Cast vyberajuca aktualne ciele a zvySok je orienta-
cia na trati a v cestovnom poriadku, servisné programy, riadenie
komunikacie a dalSie podporujuce podprogramy. Optimalizator
jazdy zabera 2 kB, kniZnica aritmetiky v plavajucej Ciarke potom
0,8 kB. Na zaklade tychto skutocnosti neplati tvrdenie, Ze kon-
vencény regulator je velmi rozsiahly a pomaly.

V nasledujucich dvoch rokoch boli vystrojené 4 motorové
vozne radu 470 cislicovou regulaciou od centralneho riadiaceho
Clena aZ po energeticki optimalizaciu jazdy (teda s vynimkou
vlastného regulatora pohonu). V roku 1993 bol teda sprevadzko-
vany prvy Cislicovy regulator rychlosti. Tento regulator vychadza
rovnako ako regulator cielového brzdenia zo svojho analégového
predchodcu, a preto je konvencny. Opit bol napisany velmi efek-
tivnym sposobom, takze zabera asi 6 kB pamiti a rovnako ako
spominany regulator je aj tento regulator zaloZeny na procesore
18088. Vsetky 4 motorové vozne jazdia s uvedenym regulacnym
systémom aj v sucasnosti na vel'kt spokojnost rusiiovodicov (pod-
statné ulahcéenie sluzby a zvySenie bezpecnosti premavky), ako aj
pracovnikov udrzby (systém nevyZaduje nijaku udrzbu a sporadické
poruchy idu prevazne na vrub zdrojovej Casti systému). Obltbe-
nost konvenéného regulatora potvrdzuje jeho spolahlivost, stabi-
litu a presnost - bez tychto vlastnosti by ho prevadzka odmietla.

also in the world where serial speed regulators came into regular
everyday operation - 35 pieces in 1972).

As digital technology came into everyday use, it began to
penetrate into automation of railway vehicle control. The first use
was in peripheral circuits of analogue speed regulators and in
auxiliary functions, but at the beginning of the 1990’s, the first
microprocessor regulator was built. As a little paradox, the first
microprocessor regulator was the target-braking regulator, which
cooperated with the classical analogue speed regulator. Because of
favorable experience with the analogue target-braking regulator
and because of its good properties, it’s no wonder that the micro-
processor regulator program corresponded to the the core structure
of the analogue regulator. And as the analogue regulator was con-
ventional (non-fuzzy), the digital regulator was conventional, too.
The processor capabilities were utilized for new function appli-
cations and for making present functions better -and as the most
important, for making a completely new system of train-on-track
orientation. The first program of the target-braking regulator was
written in the assembly language of the Zilog Z80 microprocessor.
The regulator was very successfully tested in the period of 1991 -
1995 between the Praha Masaryk’s station and Kolin (62 km) on
the DC universal engine 163.034. These experiences contradict
the published opinions about an inapplicability of conventional
regulators in practice.

In 1992, the system was updated by microprocessor Intel I8088.
The program was rewritten into this processor’s assembly lan-
guage and the function of energy optimization of the train running
was added. So, in real time, four parallel branches of the target-
braking regulator were running under 50 ms interrupt, on-track
orientation was executed every 0.1 m of passed distance and energy
optimization function running in the main loop - that all in one
processor with a 4.77 MHz clock. The entire program of the target-
braking and energy optimization regulator occupied 14 kilobytes
of memory. From these, the core of the target-braking regulator
(target-braking regulation itself) is 800 bytes. The part, which
selects the relevant targets, is about 1.5 KB, and the rest is on-
track and timetable orientation, communication control and other
auxiliary subroutines. The energy optimization occupies 2 KB, and
the flow-point mathematical library is 800 bytes large. Regarding
the above mentioned properties we contradict the published argu-
ments that the conventional regulator is very large and slow.

In the following two years, four class 470 electric motor
coaches were equipped with a fully digital control, which included
a local and central control unit, speed regulator, target-braking
regulator and energy optimization regulator (i.e. excluding low-level
traction control). So, the first digital speed regulator came into
operation in 1993. Alike the target-braking regulator, the speed
regulator arises from its analogue predecessor and that is why it is
conventional. It was written in a very effective way and occupies
about 6 kilobytes of memory. The processor is still the same type
- 18088. All four coaches run with the described control system
until these days, with great pleasure of drivers (making the duty
easier and safety increasing) and maintenance workers (mainte-
nance-free system). The popularity in everyday operation confirms
the reliability, stability and preciosity of these conventional regu-
lators; without these features the staff would have refuse them.
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V nasledujucich rokoch boli v nasej skupine vytvorené dalsie
konvencné regulatory - centralne regulatory vozidla (obsahujuce
okrem centralneho riadiaceho ¢lenu tiez regulator rychlosti) pre
vozne 843 a 943 (celkom 42 vozidiel, programované v assembleri
procesora Siemens 80C166), centralne regulatory a regulatory cie-
lového brzdenia vratane energetickej optimalizacie (tzv. automa-
tické vedenie vlaku - AVV) pre vozne 471 a 971 (k 1. 1. 2001 zatial
10 vozidiel, dalSie vo vyrobe, programované v jazyku C a v assem-
bleri procesora Motorola 68360), regulatory rychlosti pre loko-
motivy r. 111 s dialkovym radiovym riadenim a rusne r. 754 (zatial
3 + 1 vozidlo, opit procesor SIEMENS 80C166). Dalej boli pri-
pravené regulatory pre nakoniec nerealizované lokomotivy radu
714.3 a tiez pre tol'ko diskutované (a zatial definitivne neodstihla-
sené ani nezamietnuté) vysokorychlostné jednotky r. 680 s nakla-
pacimi skrinami.

V sucasnej dobe nasa skupina pracuje na dalSej realizacii
kompletného regulacného systému vratane energetickej optimali-
zacie jazdy pre prazské metro (systém na baze procesora Moto-
rola 68360).

Tento dlhsi historicky exkurz mal ukazat, Ze v danej proble-
matike sme na rozdiel od mnohych inych autorov neskon¢ili pri
teoretickych vypoctoch ¢i simuldciach, ale navrhnuté regulatory aj
skonstruovali a uviedli do beznej Zelezni¢nej prevadzky.

Vyssie uvedené konkrétne realizacie dokazuju vhodnost a sprav-
nost pouzitia konvenénych metod pri rieSeni regulatora rychlosti
aj regulatora cielového brzdenia.

Pri spravnej a doslednej analyze problému, ¢i uz regulatora
rychlosti alebo regulatora cielového brzdenia, je mozné cely
problém rozdelit do Ciastkovych tloh, ktoré su matematicky presne
a jednoducho opisatelné a preto i programovatelné. Najzlozitej-
$imi matematickymi ukonmi vykonavanymi v nasich regulatoroch
su odmocnina (naviac rieSend rychlym originalnym algoritmom
na zaklade Hornerovej schémy) a trojclenka. Nami zostrojené
a prevadzkované regulatory dokazuju, Ze aj diferencialna rovnica
pohybu vlaku je s dostacujicou presnostou riesitelna tymito
nastrojmi.

Konkrétne vysledky:

Kvalitu regulatora rychlosti mézeme posudit v 3 pracovnych
rezimoch regulatora: presnost udrzovania rychlosti (t. j. staticka
presnost), reakcia na skok pozadovanej rychlosti (t. j. rychlost
odozvy a aperiodicita navedenia na novi hodnotu), a schopnost
sledovania premennej hodnoty pozadovanej rychlosti. Zatial' ¢o
prvé a vacSinou aj druhé kritérium sleduje vacSina autorov fuzzy
zariadeni, tretiemu kritériu Cast autorov zrejme nevenuje pozor-
nost, aj ked' ono je pre spravnu cinnost regulatora cielového brz-
denia rozhodujuce.

Kvalita regulatora cielového brzdenia sa analyticky posudzuje
obtiaZnejSie, avSak velmi vhodné a nazorné je Statistické spraco-
vanie vysledkov regulacie, t. j. presnosti dojazdov do ciela. Na posu-
denie kvality regulatora je vSak potrebné posudit aj priebeh procesu
brzdenia (¢i nedochadza ku kmitaniu brzdy, k niekol’kofazovému
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In the following years, our research group had developed the
next conventional regulators - central vehicle regulators (which
include both central control units and speed regulators) for class
843 diesel coaches and for class 943 driving trailers (together 42
vehicles; regulators were programmed in assembly language of
Siemens 80C166 microprocessor), next, central vehicle regulators
and target-braking regulators including energy optimization (Auto-
matic train operation AVV) for suburban EMU’s class 471 and
971 (10 vehicles in operation at present next ones are being manu-
factured,the regulators are programmed partly in C-language and
partly in assembly language of Motorola 68360 microprocessor),
speed regulators for shunting locomotives class 111 with remote
radio control and for universal diesel loco class 754 (at present,
3 + 1 vehicles also with Siemens 80C166 microprocessor). Last
but not least, the regulators for diesel locos class 714.3, which
have been scratched at last, and for problematic (and definitively
neither ordered nor refused) high-speed EMU’s with tilting bodies
class 680 were prepared.

At present time, our group is preparing the realization of
complete control system including energy optimization for the
Prague underground railway (Metro). The system is based on the
Motorola 68360 microprocessor.

This a slightly longer historical excursion should show our
experience in this task. We haven'’t finished our work by theoretic-
al calculations and simulations, but we have brought the describ-
ed regulators into regular everyday operation.

The above-mentioned realizations demonstrate that it is suit-
able and correct to use conventional methods for solving speed
regulator or target braking.

During the correct and consequential analysis of the problem
of whether speed regulator or target braking, the whole problem
can be separated into partial problems that are able to be mathe-
matically exactly and simply described and, hence, simply pro-
grammed. The most complicated mathematical acts, which are
used in our regulators, are square root (which is solved by special
algorithm based on Horner’s scheme) and rule of proportion. Our
regulators demonstrate that even by these simply tools, the diffe-
rential equation of train running is solvable with sufficient preci-
sion.

Our results:

The quality of a speed regulator can be appreciated in three
working modes: the precision of keeping speed (i.e. static
accuracy), the reaction to required speed jump (i.e. the speed of
response and the aperiodicity of reaching a new value of required
speed) and the ability to trace the varying value of required speed.
‘While the majority of authors of fuzzy devices watch the first and
also, mostly the second criterions, the third criterion remained
hidden for a part of them, but it is crucial for a correct working of
the target-braking regulator.

The quality of the target-braking regulator is a more difficult
to appreciate analytically, but statistical evaluation of the results
of regulation, i.e. arrivals to target point, is very objective. For ap-
preciation of regulator quality, it is necessary to appreciate the
course of braking (if there are no oscillations during braking, if the
real speed at target point is not less than target value) and both

KOMUNIKACIE / COMMUNICATIONS 2-3/2001 =« J1



KOMNIKOCIe

C O M MUNICATI ON:S

Konf. soubor: poh
ARR_postupne_40-80-30_kmh

1

Vstupni soubor: such8 Zhusteni cas. osy 3 x

'z 3 4 16 1 12

(]
4

—_ T e e B T T T : T Fana T LA M S e S T P
- ﬁl . : : : : : : i
I DT H : H : H
1 B N H B A% : :
“[.;.]! : \5 : : i : 1"
- LEh Y 5 ; AN : fsi-
' : ! ; : : N : -
R N NI AP DU A IR S .
: ] . . : s :
- L : : 5 N
- i : g : H 5 PN -
- Lo I S R B
_ ! : £ B : H H [
! : HE : : . : : 5.
J— i ! i ! 1) L 1 L [ H Pt I [ AN A [ 1
9.! I H H : H H : : . .
- 3¢, A i : ;- = Y ;
- i L : : : : |5 : -
i 1 : : : : i :
- ; : : : = : -
. : S : i : ¢ :
! i : : : H : :
—_— rllli;!liii!lll!;.ll!l .1!|i,.-1.||||3 [ ] YL e 1]|:1|3-||| (B _
- | : o : ' : i : | : -
- e~ L
: 1 T : : . 3 H
; LT z : i f -
_— ; IR AT I AN AR ETETIN EPUEEE AR i i .;‘l....i..
- : 1 : - : ;
: 1 : i .
- : i : : -
- ; ! : \ -
- 5 ! : : IN -
: | : o
— 1 ! [l LN [ [ | I - 1 | 1 |1 Lol ' —
: 4 H "\
- i H H y -
H L] : 1
- : o : K
- ! ; P : k) -
B * H b
N . 1
-~ : : : : ':'
: H H H B H N . L]
— IIFB! (S [ T S I?.III!.[F’.‘!! I'rl‘}itil!IIIIE:A:FI!IIiY!Z-Ii roroat
- S0 : : £ : : : : { '.
- b -
I
- l‘ : H ? H : : : ] -
- |l||||lllj!]|}]\i1!||III{]IIIiiiIIl "-‘ll.illltlillll.inliljligllllil [ —_
- L : : TR -
- i i i i I i}
i _; : ; |
: oo -
——— :‘:|i:;|;|I\I\Jrli!:iillfll|| [ I| [ [ —
I A N %
i H ., : :
H N :
- j N !
- i v f -
- ¢ "»; i
—m‘t;kllli |sr|kl==1|| !l:;*l!é:i:llljiilzlli!e=!‘-55‘ i
- 1581 : ] NOmps2 ; 157
- : 4 0V, 20 ;@ 410 60 80 100km/h _
- -100 PT! ; B -

Obr. 1. Proces navdadzania motorového vozia 843.031 (14.07.1999, Suchdol n. O.) na rozlicné pozadované rychlosti
Fig. 1. The process of vectoring of diesel coach 843.031 (14.Jul.1999, Suchdol n. O.) to different required speeds

brzdeniu alebo sa nedosahuje cielova rychlost) a obidvoch precho-
dovych dejov, t. j. navedenia na brzdnu krivku a prechodu do usta-
lenej rychlosti ¢i zastavenia. Osobitne zaujimavé a vypovedajuce
su potom vysledky brzdenia bez pouZzitia dynamickej brzdy.

transient processes, i.e. reaching the leading curve and transition
into constant target speed or stopping. The very interesting results
of the target-braking process are the ones with rheostat brake failure
or brake out of operation.
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Obr. 2. Zdznam presnosti dojazdov elektrickej jednotky radu 471
- jedna stanica, rozne vlaky
Fig. 2. The record of stoppings of EMU class 471
- one station, different trains

Podobne, t. j. statisticky, je vhodné hodnotit vysledky ¢innosti
optimalizatora jazdy.

Dalgou oblastou posudzovania kvality regulatorov je ich ¢innost
v pripade vonkajSieho zasahu do regulovaného procesu.

Zatial ¢o pri regulatore rychlosti je vonkajSie naruSenie procesu
regulacie (t. j. vtomto pripade pouzitie brzdy rusnovodi¢om) viac-
menej vynimocné a oSetrenie situacie je zalezitostou podporujicej
logiky regulatora a nie vlastného regulacného jadra, pri cielovom
brzdeni dochadza k podobnym naruseniam podstatne CastejSie.
NajcastejSimi su Smyk naprav a vypadok dynamickej brzdy v prie-
behu brzdenia.

Optimalizator jazdy sa potom musi vyrovnat hlavne s vypad-
kom pohonu v priebehu rozjazdu a s neplanovanym obmedzenim
rychlosti zavinenym dopravnou situaciou.

Dalsou situaciou, podla ktorej je nutné posudzovat kvalitu regu-
latorov, je ich odozva na technicku poruchu vlastnu alebo perifér-
nych zariadeni. Aj ked nami vyvinuté regulatory nemaju atribut
bezpecnych (fail-safe) zariadeni, s vytvorené tak, aby vsetky dete-
kované nedostatky navodili pokial mozno bezpecne;jsi stav.

V pripade poruchy je reakcia systému zavisla od zavaznosti
poruchy. Poruchy mozno rozdelit na nezavazné a zavazné. Ako
priklad uvedieme Clenenie pri regulatore cielového brzdenia - za
nezavazné povazujeme napr. neprecitanie tratového informa¢ného
bodu na S§irej trati, kedy systém po vyCerpani drahovej tolerancie
v priebehu ktorej este akceptuje Citanie informacného bodu reaguje
tak, ako keby bol bod precitany v predpokladanom mieste. V tomto
pripade iba nedochadza k upresneniu chyby polohy vzniknutej
nepresnostou nastavenia priemeru kolies a vplyvom $Smykov a sklzov,
avsak nemoze dojst k strate informacie o tratovej ¢i stanicnej kolaji.
Na upresnenie dodavame, Ze tolerancia tejto chyby je obmedzena
na ur€itu drahu od posledného korektne precitaného informac-
ného bodu.

Za zavaznu chybu sa naopak povaZuje napr. neprecitanie infor-
macéného bodu za rozvetvenim kolaji, kde sa straca informacia
o tom, po ktorej stani¢nej i trafovej kolaji vlak dalej pokracuje.
V tomto pripade systém ohlasi rusnovodiCovi stratu orientacie,
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Obr. 3. Statistika dojazdov elektrickej jednotky radu 471 - dva viaky,
rozne stanice. A - suchd kolaj, viak 9355, 22. 03. 2000, B - mokrd
kolaj, viak 9308, 28. 3. 2000. Stupnica osy x je od —2 do +2 m
Fig. 3. The statistics of stoppings of EMU class 471 - two trains,
different stations. A - dry rails, train nr. 9355, 22. Mar. 2000
B - wet rails, train nr. 9308, 28. Mar. 2000 The range of x-axis
is —2 to +2 meters

In a similar way, i.e. using statistics, the appreciation of an
energy-saving regulator should be done.

The behavior of regulators should be watched also in the case
of external intervention in a controlled process. While this inter-
vention is more or less extraordinary in a speed regulation process
(the application of an emergency brake can be considered as this
kind of intervention) and it is solved by auxiliary logic of speed
regulator, the target braking regulation is intervened much more
frequently. The most frequent causes are skids and rheostatic brake
failures.

The energy optimization regulator primarily must solve short-
time traction failures and unplanned speed restrictions because of
the traffic situation.

Another criteria describing the quality of regulators are their
responses on their own failures or failures of peripheral devices.
Although our regulators don’t have a fail-safe attribute, they are
made in such a way so every detected failure should lead to a safe
state. In case of failure, the reaction of the system depends on the
consequence of the failure. The failures can be consequential or
non-consequential. For instance we can describe the sorting of fail-
ures of target-braking regulation - the non-consequential failure is
e.g. the missing information point in the track between stations,
the system adds the track information so as the information point
had been read correctly. In this case, only the precision of distance
measuring is lowered because of skids and slips, but the funda-
mental information about the number of the track or station line
is not lost. We notice that the tolerance to this failure is limited to
a certain distance measured from the last correctly read informa-
tion point. On the other hand, the consequential failure is, for
instance, the missing information point behind the track branching
(junction points, stations). In this case, the information about the
line number is lost, and the train cannot continue running. The
system writes the warning message on the driver’s screen, and if
the driver won’t switch the regulator off and start to control the
train manually, the system will start the braking. Other failures are
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Obr. 4. Priebeh cielového brzdenia s vypadkom dynamickej brzdy (471.002, 22. 10.2 000, Tuklaty)

Vypadok nastdva v 15. sekunde zdznamu (stopa 4), nastdva zdskok doplnkovou brzdou (st. 2), odrychlenie klesd (st. 5), riadiaci signdl
PT narasta (st. 3) a aktivuje priebeznii vzduchovii brzdu (st. 1)
Fig. 4. The course of target braking with rheostatic brake failure (EMU 471.002, 22. Oct. 2000, Tuklaty)
The failure occurs in 15th second of the record (channel 4), the additional pneumatic brake comes into operation (ch. 2), the deceleration sinks
(ch. 5), the control singnal PT (ch. 3) rises and enables the pneumatic train brake (ch. 1)

zacne brzdit a vyzve rusnovodica na prevzatie riadenia pod svoju
kontrolu. Pokial tak rusnovodi¢ neurobi, dojde k prevadzkovému
zastaveniu vlaku. Vidime, ze tu nie je Ziaden priestor pre fuzzy spra-
vanie systému. Obdobne st oSetrené aj dalSie poruchy systému.
Specificky je problém zistovania skutoénej rychlosti vozidla.
Je vSeobecne zname, Ze z iduceho vozidla je pomerne obtiazne
zistit jeho skutocni rychlost. Ak pominieme atypické riesenia, ako
je radar (obtiazna Cinnost napr. pri zasneZenej trati - rusenie zvi-
renym snehom, celkova mala odolnost voéi Zeleznicnému prost-
rediu atd.), ineréné snimace (ovplyviované sklonom a nekvalitou
kolajového zvrsku) ¢i GPS (signal nepresny, oneskoreny, kvanto-
vany - absolutne nevhodny na regulaciu), zostava iba jediné pou-
Zitelné a v skutocnosti aj pouzivané meranie otacavej rychlosti

solved in a similar way. It is clear that there is no space for fuzzy
behavior of the target-braking regulator.

A specific problem exists - measuring the real speed of
a vehicle. It is generally known that it is difficult to obtain real
speed value on a moving vehicle. When we exclude the atypical
methods like radar (difficult operation on a snow covered track,
low resistance to railway environment, etc.), inertial sensors (sen-
sibility to gradients and places with bad track geometry) or GPS
(signal with low precision, delayed, discrete - absolutely not suit-
able for regulation purposes), only one method remains: the wheel
revolutions measuring method, and it is usually used on vehicles.
The precision of measuring depends on the precision of the setting
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jednotlivych naprav vozidla. Vyhodnotenie skuto¢nej rychlosti je
ovplyvnené presnostou nastavenia priemeru kolies. Pri vozidlach
bez cielového brzdenia je presnost tohto nastavenia vSeobecne
vel'mi nizka (my sme zaznamenali az 8 % odchylku od skuto¢ného
priemeru), av§ak vozidla opatrené cielovym brzdenim su nastavo-
vané velmi presne. InakSie by nebolo cielové brzdenie funkéné
(z praktickej skusenosti mozeme povedat, ze vSetkych 14 vozidiel
vybavenych cielovym brzdenim ma toho Casu priemery kolies
nastavené s presnostou lepsou ako 2 promile).

Presné, rychle a kvalitné (v zmysle derivovatel'nosti na ziska-
nie okamzitého zrychlenia) meranie rychlosti je nutnou podmien-
kou na vytvorenie kvalitného regulatora rychlosti. Tieto poziadavky
uZ nespifiaji bezné metddy merania rychlosti zaloZené na merani
Casu medzi dvoma impulzmi snimaca alebo na merani poctu
impulzov snimaca za jednotku casu, popripade ich jednoducha
kombinacia. Preto bol vo vSetkych naSich aplikaciach pouzity
celkom novy - samozrejme konvenény - pristup na spracovanie
signalu bezného rychlostného snimaca. Jeho opis by sa vSak
vymykal zameraniu tohoto ¢lanku.

Otacava rychlost je snimana snima¢mi, ktoré osobitne v urci-
tych obdobiach (typicky po velkom dazdi ¢i prejazde umyvacim
strojom) vykazuji zna¢nu poruchovost, ktora vsak po niekolkych
hodindch sama poklesne takmer na nulu. Tu sa teda vyskytuje
nahodna porucha majuca za nasledok skreslenie udaja rychlosti.
Aj Smyk dvojkolesia pri brzdeni €i sklz pri rozjazde sa prejavi
obdobne ako nahly skok rychlosti.

Meranie rychlosti musi byf preto robené na ¢o najva¢Som
pocte naprav vozidla, aby sa vylucili vysSie spominané chyby vznik-
nuté nahodnymi vplyvmi a pri niektorych aplikaciach este dalej
porovnavané s tzv. fiktivnou napravou na obmedzenie vplyvu
synchronnych Smykov a sklzov. Vsetky nase aplikacie regulatorov
rychlosti preto vyuzivaju signaly vsetkych dostupnych napravo-
vych rychlostnych snimacov.

Problémom presnosti merania rychlosti sa zaobera [1]. Zavery
Clanku su vSak v rozpore s nami zistenymi vysledkami cinnosti
naSich konvencnych regulatorov cielového brzdenia. Tak uvaha,
Ze je mozné vyuzit dva snimace z ktorych jeden je umiesteny na
trakénom motore a druhy na hnacej naprave je nespravna, lebo
oba tieto prvky su mechanicky zviazané a ich rychlost je vzajomne
umerna. Dalej nie je pravda (ako dokdZeme dalej), Ze na riesenie
tohto problému je nevyhnutné pouzitie fuzzy logiky. Aj pouzity
simulacny model vykazuje isté odliSnosti od skutocného priebehu:
Casovy priebeh rychlosti pri cielovom brzdeni nie je funkcia expo-
nencialna, ale linearna s parabolickymi prechodovymi dejmi. Aj
poruchovy priebeh byva malokedy trvaly, vykazuje nahodné pre-
pady; t. j. relativna chyba merania rychlosti koliSe v znacnom
rozsahu. Otazne teda je, ako by uvedeny fuzzy regulator zareago-
val na takyto priebeh oboch signalov rychlosti (spravneho i naruse-
ného), lebo v tom momente neplati zakladny predpoklad simulacie
o konStantnej relativnej chybe merania, ani z tohto predpokladu
odvodené tvrdenia o tvare priebehu funkcie miery vierohodnosti
a o tvare regulacnej plochy fuzzy komparatora, ani zavery o kvalite
fuzzy regulacného systému.
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of the wheels’ diameters. The vehicles without a target-braking
regulator usually have diameters set with a low precision (we have
detected few vehicles with an 8% difference from a real value of
diameter). On the other hand, vehicles that are equipped with the
target-braking regulator have the diameters set very precisely; in
the other case the target-braking regulator won’t work (from our
practical experience, we can say that all 14 vehicles, which are cur-
rently equipped with the target-braking regulator, have the diame-
ters set with precision better than 2 per mile).

The accurate, quick and first-rate (in sense of possibility of
being derived to obtain the signal of real acceleration) speed
measuring is a necessary condition for building a quality speed
regulator. The usual methods of speed measuring, based on time
measuring between two sensor pulses or on the counting of sensor
pulses in certain time, or simple combination of these basic methods
do not fulfill these requirements. That is why a totally new appro-
ach to the pulse processing of speed sensors (of course conven-
tional), has been used in all our applications. Unfortunately, its
description would exceed the frame of this article.

The speed sensors have, in some periods (typically after
a hard rain or after passing a washing machine), a very low relia-
bility, but after few hours these failures disappear. These random
failures distort the value of real speed. Alike a speed jump, the slip
or the skid of the wheel would be displayed. That is why speed
measuring must be done on the most possible number of axles to
eliminate the above-mentioned random failures. In some applica-
tions a so-called fictive axle is used for elimination of synchronous
slips and skids. All our applications of speed regulators use the
speed signals of all accessible speed sensors.

The problem of speed measuring accuracy is discussed in [1].
Unfortunately, the conclusions of this article are at variance with
the results of work of our conventional regulators, which we have
stated. First, the consideration about the use of two sensors, one
on a traction engine and the other on a driven axle, is wrong
because both of these elements are mechanically coupled and
their speeds are proportional. Secondly, it is not true (as we shall
demonstrate next) that it is necessary to use fuzzy logic to solve
of this problem. Next, the simulation model differs from a real
course: during the target braking the time course of speed is not
an exponential one, but a linear one with parabolic transient pro-
cesses; the failure state seldom uses a constant, but it shows
random changes, i.e., the relative error of speed measuring fluc-
tuates in a wide range. It is a question of how would this fuzzy
regulator react on a real course of both signals (right and distor-
ted) because the initial premise of simulation - the constant rela-
tive error of measuring - is not fulfilled and also, the deduced
assertions about the figure of the credibility curve, about the
figure of regulating area as so as the conclusions about the quality
of fuzzy regulator, are not valid.

The authors also count on a 5 % relative error of speed
measuring in regard to the conventional regulator and on the basis
of that value they compare a fuzzy and conventional regulator. As
we have said, there was a 2 per mille relative error of speed mea-
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V [1] sa dalej uvazuje s 5 % chybou merania rychlosti kon-
venéného regulatora a na zaklade tejto hodnoty porovnavaju fuzzy
a konvencny regulator. Ako vsak bolo uvedené, chyba merania
rychlosti pri vozidlach opatrenych cielovym brzdenim je asi 2
promile, teda cca 25x menSia ako uvadzaju autori. Regulator,
ktory by meral rychlost a nasledne drahu s presnostou 5 % by bol
v praxi nepouZitelny.

Zavery [1] tiez nie su pravdivé: v pripade odchylky merania
rychlosti medzi jednotlivymi kanalmi nie je mozné zacat skimat
vierohodnost udajov jednotlivych kanalov (naviac so zna¢nym
Casovym oneskorenim), avSak bezpodmienecne nutné je konat
bezpeénym spdsobom - v pripade brzdenia vybrat najrychlejsiu
napravu (t. j. presne opacne, ako sa zachova navrhovany fuzzy regu-
lator, ktory prisudil pravdivy idaj pomalSiemu kanalu). V opacnom
pripade hrozi redlne nebezpecie prebehnutia ciela, zatial' co nedo-
behnutie do ciela nie je z hladiska bezpecnosti problémom. Aby
bola vec komplikovanejsia, pri jazde tahom sa za vierohodny udaj
povazuje idaj najpomalSieho kanala. Je to spdsobené tym, Ze pri
jazde tahom dochadza ku sklzu, t. j. k poruchovému narastu rych-
losti jednej (Ci viacerych) naprav, zatial' o pri brzdeni dochadza
ku $myku, t. j. k poruchovému spomaleniu naprav. V oboch pri-
padoch sa vSak uvazuje o spravnom merani rychlosti. Naviac, ak sa
pri odchylke rychlosti jedného kanala od zvysnych troch (tu vidiet
vyhodu merania rychlosti na vSetkych napravach vozidla) vacsej
ako urcitej prekroCi vopred urcena medza, povazuje sa tento kanal
za nefunkény (chybou vlastného snimaca a prislusnych vstupnych
obvodov) a ru$iovodi¢ ma povinnost tento kanal z merania
vyradit. Aj ked’ posledna veta moze byt aplikovana iba na regula-
tory merajlce rychlost na viacerych napravach ako na dvoch,
predchadzajice vety su platné aj pri iba dvojkanalovom merani
rychlosti.

Pri akejkolvek poruche merania rychlosti je v§ak nevyhnutné
ju ihned rusnovodicovi indikovat a ponechat na jeho voli rozhod-
nutie o dalSom postupe, lebo za priebeh jazdy je zodpovedny on.

S tym suvisi dalsi omyl [1] - arbitrazny vyznam signalu o vie-
rohodnosti meranej rychlosti. Registracné a zabezpecovacie zaria-
denia prechadzajui doslednym schvalovacim procesom, v priebehu
ktorého sa robi analyza vsetkych programovych blokov. Pre pro-
gramovanie su schvalené iba prekladace urcitych jazykov a nepri-
Nezda sa preto pravdepodobné, Ze by do tejto citlivej oblasti bola
vpustena fuzzy logika.

Na zaciatku ¢lanku spominané nekorektné porovnavanie vlast-
nosti je mozné dokladovat napr. v [2]. Pri podrobnom skumani
vysledkov vSak dochdadzame k zaujimavym zaverom:

Napr. pri porovnavani dynamiky navadzania na nizku rych-
lost vidief podstatne horSie spravanie konvencného regulatora
oproti fuzzy. Pri podrobnom pohlade vsak zistime, Ze fuzzy regu-
lator navadzal vozidlo na rychlost 5 km/h, zatial' ¢o konven¢ny na
rychlost 3 km/h. Vzhladom na v§eobecny problém merania malych
rychlosti beznymi snima¢mi je tento rozdiel velmi podstatny
a porovnanie preto nekorektné. Dalej sa pise, Ze v pripade prazd-
nej supravy sa oba regulatory spravali rovnako, ale pri siprave
s cestujucimi si fuzzy regulator viedol podstatne lepSie ako kon-

suring on vehicles equipped with the target-braking regulator. That
is 25 times less than the authors say. The target-braking regulator,
which would measure speed and consequently also distance with
S % accuracy, would be unusable in practice.

Not even the conclusions of the article are true: in regard to
the difference between the channels of speed measuring, it is not
possible to start examining the credibility of channels (on the top,
with a great delay), but it is unconditionally necessary to behave
in a safe way - in regard to braking to choose the quicker (or the
most quick) axle (i.e. just in the opposite way than the proposed
fuzzy regulator does, it adjudicates the true value to slower channel).
Otherwise there is a real danger of passing the target while stop-
ping short of target is not a safety problem. To make the problem
a bit complicated, during the running with traction, the value from
a slower channel is taken as credible. This is caused by slips, i.e.
failure increase of speed of one (or more) axles, while at braking
skidding can occur, i. e. failure sinking of speed. In both cases, the
right speed of measuring is considered. To make the problem more
complicated, if one channel has a great difference from the others
(the advantage of measuring on three or four axles is clearly seen
here), it is considered as non-functional (by failure of sensor,
cabling or respective input circuits). In such cases, the driver is
obliged to switch this channel out of measuring. Although the last
sentences can be applied only on regulators with three- or four-
axle speed measuring, the previous sentences are valid also for
two-axle speed measuring.

If any failure occurs, it is necessary to inform the driver imme-
diately and let him decide about the next procedures because he
is responsible for the course of running.

With this, the next authors’ error is connected - the arbitrary
meaning of the speed measuring credibility rate signal. The record-
ing and train protecting devices must pass consequential validat-
ing process, during which the analysis of all program blocks is
made. Only some programming languages are allowed. Any fun-
ctions with decreased transparency are forbidden. It doesn’t seem
probable to admit fuzzy logic into this sensitive domain.

An incorrect comparison of features in the beginning of the
article was noticed.We can demonstrate it for example in [2].
When we analyze the results in details, interesting conclusions
occur.

For example, the comparison of achieving low speeds displays
the worse behavior of conventional regulator than of the fuzzy
one. During the detailed look, we find out that the fuzzy regulator
has to reach the speed of 5 km/h, while the conventional one has
to reach the speed of 3 km/h. With respect to common problems
of measuring low speed by normal sensors, the difference is very
essential and hence the comparison is incorrect. Next, we find
that both regulators have the same behavior in the case of empty
trains, but with full trains, the fuzzy regulator behaves better than
the conventional one and was less sensitive to the accurate setting
of train mass. We notice that our conventional regulators (both
speed and target braking and both railway and underground) need
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vencény a bol menej citlivy na spravne zadani hmotnost supravy.
K tomu poznamenavame, Ze vSetky nase regulatory, ¢i uz rychlosti
alebo cielového brzdenia, sa bez nastavovania hmotnosti supravy
celkom zaobidu, a to tak v metre, ako aj na Zeleznici. Citlivost na
hmotnost supravy je nulova a teda ovela mensia nez akakolvek
nenulova citlivost fuzzy regulatora. Tvrdenie odporuje aj empirii -
dlhsi vlak sa sprava lepSie ako kratky.

Preto konStatujeme, Ze nas uvedené clanky nepresvedcili
o vhodnosti a uz vobec nie o nutnosti riesit regulator rychlosti ¢i
regulator cielového brzdenia fuzzy logikou. V ziadnom parametri
sa totiz zatial ani zdaleka nepriblizuju nasim prevadzkovanym
regulatorom konvenénym. Mame pocit, Ze ten, kto problém regu-
lacie rychlosti ¢i cielového brzdenia plne pochopil do vsetkych
detailov nielen teoretickych, ale aj praktickych, je schopny vytvo-
rit kvalitny regulator konvencny, a ze fuzzy regulacia je v tomto
odvetvi snad modnou zalezitostou. Zial, zaleZitostou podporova-
nou silnymi vyrobcami softvérovych nastrojov a tieZ obecnym
upadkom kvality programatorov. Preto jestvuje realne nebezpe-
¢enstvo, Ze obchodna politika zvitazi nad technickym rieSenim, ¢o
sa Uz viac raz (nielen na Zeleznici) stalo.
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no setting of the train mass. Therefore, their sense to train mass is
zero, which is much less than any non-zero value. The facts written
in the article also contradict our experience: it is easier to control
a longer and heavier train than a shorter and lighter one.

This is why we can only state that the mentioned articles did
not convince us either of suitability or, by no means, necessity of
using the fuzzy logic for solving the speed or target-braking regu-
lator. By far, they did not approach our daily used conventional
regulators in any parameter. The conviction that somebody who
fully understands all the problems of speed or target-braking regu-
lation, in all details both theoretical and practical, makes it pos-
sible to design a first-rate conventional regulator, grows stronger
and stronger in our minds. Fuzzy logic is only a mode affair in this
branch. Unfortunately, a mode affair supported by strong manu-
facturers of software tools and also by common degeneration of
the quality of programmers, so a real danger exists in that the
market policy would win over technological solutions, which has
happened many times (not only by railway).
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