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Abstract

This bachelor thesis is concerned with the use of technical language in both Czech and

English language and the similarities and differences between them.

To study the languages in Electrical engineering, a technical text in Czech has been
chosen for translation and then translated into English. After the translation, an
analysis of the language used has been made, focusing on both linguistic and
extralinguistic features, which are often specific for scientific texts. These features
cover a wide range of linguistic fields, such as lexicology, morphology, stylistics,

syntax, but also extralinguistic issues, such as pragmatics.

In conclusion, the analysis of the original and translated texts revealed many
differences, both minor and major, which are the result of an attempt of transferring

information in a language quite different than the original.

Keywords: Language, Technical language, Linguistics, Translation, Extralinguistic

features



Abstrakt

Tato bakalarské prace se zabyva pouzivanim technického jazyka v ¢estiné i angli¢ting,

Vv ¢em si jsou tyto jazyky podobné a v ¢em se naopak lisi.

Pro studovani jazyki v elektrotechnice byl vybran technicky zaméieny text
k pielozeni a poté byl prelozen do angli¢tiny. Po piekladu byla provedena analyza
jazyka, které se zamérovala jak na lingvistické, tak extralingvistické vlastnosti, které
jsou casto specifické pro odborné texty. Tyto vlastnosti pokryvaji Sirokou skalu
lingvistickych obort, jako jsou napiiklad lexikologie, morfologie, stylistika, syntax,

ale 1 extralingvistické zalezitosti, jako tfeba pragmatika.

Analyza origindlniho a ptelozeného textu odhalila spoustu rozdilti, jak malych, tak 1
velkych, které jsou vysledkem pokusu o pfenos informace v jazyce, ktery je pomérné

rozdilny oproti originalnimu jazyku.

Kli¢ova slova: Jazyk, Odborny jazyk, Lingvistika, Pfeklad, Extralingvistické

vlastnosti
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Introduction

For the bachelor thesis concerned with commented translation of a professional text,
| have chosen a text about control theory. The reason why | have chosen this text is that |
feel the text is rather peculiar compared with other similar texts. The terminology does not
consist of strictly technical terms, in spite of that the readers are assumed to be students of

electrical engineering.

In the practical part, a text regarding control theory is to be translated. | have focused
mostly on transferring the information of the original text as similarly as possible. At the

same time, | attempt to write the text in science and technology style.

Regarding the analytic part, the analysis of the text focuses on the linguistic and
extralinguistic aspects. These aspects differ between both languages to various degrees. In
the analytic part, the texts are to be evaluated from several points of view. Attention will be

paid to necessary changes while translating the text into English.



Original text

1 Uvod do automatického ¥izeni

Cilem uvodni kapitoly je vysvétleni zakladnich pojmui, které se pouzivaji v automatizacni
technice. Bude zde vysvetlen rozdil mezi ovladanim a rizenim. Rizeni, jinymi slovy

regulace v uzavrené smycce, bude hlavni naplni tohoto skripta.

1.1 Zakladni pojmy

Rizeni je kazdé cilevédomé plsobeni na fizeny objekt s cilem dosdhnout predem
daného stavu. Pokud takové tfizeni probihd automaticky, mluvime o automatickém
fizeni. Automatické fizeni se v technické praxi vyskytuje ve dvou hlavnich

formach:

1. Sekvenéni Fizeni, kdy fizeny systém piechazi postupné z jednoho stavu do
druhého (dal§iho). K pfechodu obvykle dochéazi tehdy, jsou-li splnény urcité
podminky. Typickym ptikladem je start nebo ukonceni n¢jakého technologického
procesu. Kopirka typu xerox je pfipravena k praci teprve po nahiati vélce; pfi
vypnuti projektoru zhasne lampa, ale vétrak bézi jesté urcitou dobu, aby nedoslo
k piehtati zbytkovym teplem. Sekvenéni automatiky pramyslovych celki (napf.

zafizeni projde, miize jit do desitek tisict.

2. Rizeni dynamickych systémi. V tomto piipadé je cilem fizeni, aby dana
vystupni (regulovana) veli¢ina co nejpfesnéji sledovala casovy prubéh dané
fidici (zadané, vstupni) veli¢iny a to bez ohledu na signélové i parametrické

poruchy, které na fizenou soustavu mohou pusobit. Regulator, ktery generuje
9



ak¢ni veli¢inu, pusobici na soustavu, musi tedy plnit dvé alohy: - zajistit vérné
sledovani fizeni, coz je obtizné vzhledem k Casovym zpozdénim (obecné
vzhledem k dynamickym vlastnostem) fizeného objektu; - kompenzovat
poruchy, které mohou na fizeny objekt piisobit tak, aby se jejich vliv na

regulované veli¢iné projevil v co nejmensi mife.

V tomto skriptu se budeme vénovat fizeni dynamickych systémii bez ohledu na
to, pijde-li o systémy technické, ekonomické ¢i spolecenské nebo jiné. Dilezité je,
zda rovnice, popisujici vlastnosti fizeného systému, maji stejny tvar. Pokud ano, budou
odvozené algoritmy fizeni platit, at’ je fyzickd podstata systému jakakoliv.

Regulované soustavy (systémy, objekty) mohou mit jeden vstup a jeden vystup. V
tom ptipadé je oznacujeme nazvem SISO-systémy (z anglického Single Input-Single
Output). Pokud maji vice vstupll a vice vystupli, mluvime o MIMO systémech (Multi
Input-Multi Output).

V systémech automatického tizeni se vyskytuji tyto zakladni veli¢iny (proménné):

e regulovana velidina je vystupni veli¢ina fizeného systému (obvyklé znaceni
jey)

e Fidici velifina, téZ Zadan4 hodnota nebo vstupni veli¢ina; hodnota a Casovy

prubéh této proménné urcuje, jakd ma byt hodnota a ¢asovy prib&h regulované

veli¢iny (obvykle se znaci w)

e regulaéni odchylka je rozdil mezi Zadanou hodnotou a regulovanou veli¢inou

(obvykle se znaci e, a plati e = w—Y)

10



e ak¢ni velicina, téz regula¢ni veli¢ina, je vstupni veli¢ina regulované

soustavy a vystupni veli¢ina regulatoru; obvykle ji zna¢ime u (nékdy také X)

e porucha je veli¢ina, ktera pusobi bud' na vstupu, vystupu, nebo na
libovolném misté regulované soustavy. V praxi muze na jednu soustavu pusobit
nékolik poruch v riznych mistech. (V ramci tohoto kurzu budeme uvazovat pouze
signdlové poruchy, parametrické poruchy, ¢ili zmény vlastnosti regulované

soustavy budou probirany pozdé&ji). Signalové poruchy obvykle znac¢ime v.

Regulované soustavy mohou mit stalé¢ (Casové neproménné, neboli invariantni)
vlastnosti, nebo se jejich vlastnosti mohou v ¢ase ménit. V tomto kurzu se budeme

prevazné zabyvat ¢asoveé neproménnymi soustavami.

Procesy probihajici v regulovanych soustavach mohou byt popsany bud'
linearnimi nebo nelinedrnimi rovnicemi. Pfipomenme, Ze linedrni je takovy systém, u

kterého plati nasledujici dvé tvrzeni (vety o linearité):

nasobeni konstantou — jestlize odezva systému na vstupni signal u(t) je y(t),

pak linearni systém odpovi na vstup ku(t), kde k je konstanta, odezvou ky(t)

princip superpozice — jestlize odezva systému na vstup ui(t) je yi(t), pak pro odezvu

linearniho systému na signal u(t) = i, u;(t)plati y(t) = iz, i (t)

V realném svété je jen velmi malo systémul, které jsou skuteéné linearni. Rada realnych
systému se vSak — zeyjména v okoli pracovnich bodii — od linedrnich systému
odliSuje jen malo, a proto je lze s urCitou mirou nepfesnosti za linedrni
povazovat. Vzhledem k tomu, Ze popis 1 feSeni problému s linedrnimi systémy je
nesrovnatelné jednodussi nez v pripade systému s nelinearitami, omezime se v tomto

zékladnim kurzu na linearni systémy. Pfi praktické realizaci provedeme nejprve tzv.

11



linearizaci systému, pfi které nahradime skutecny systém jeho modelem, ktery v okoli
pracovniho bodu s dostate¢nou presnosti nahradi ptivodné nelinedrni vztahy linearnimi
rovnicemi. Linearizovat lze obvykle systémy s tzv. parazitnimi nelinearitami, které
se v systémech vyskytuji z davodu konstrukénich (nasyceni, omezeni, pasmo
necitlivosti, ville v ozubenych pievodech, hystereze magnetickych materiali apod).
Krom¢ téchto nelinearit se vSak v systémech automatického tizeni vyskytuji i tzv.
podstatné nelinearity, Casto zavadéné imyslné, které linearizovat obvykle nelze
(to se tyka zejména prvku s reléovou charakteristikou, které maji pouze dvou nebo
tfthodnotovy vystup). Nelinearni systémy budou naplni dal§iho kurzu.

Proces fizeni muZze byt realizovdn riznym zplisobem a podle toho se systémy
tizeni rozdéluji do nékolika skupin, z nichZ nékteré jsou povazovéany za standardni.
RozliSujeme regulatory primo¢inné a s pomocnou energii podle toho, zda se k
fizeni pouziva pouze energie odebrana z fizené soustavy, nebo ze zvlaStniho zdroje.
Mezi pfimocinné regulatory patifi jednoduché regulatory v lednic¢kéach, zehlickach,
pecicich troubach nebo reguldtory hladiny ¢i napéti (dobijeni baterie v autech). Jiné
déleni muze byt podle toho, zda pusobeni akéni veli¢iny je v ¢ase spojité, ¢i probiha
pouze v urcitych ¢asech. Podle toho mluvime o spojitém nebo diskrétnim fizeni.
V tomto kurzu se budeme zabyvat obéma typy fizeni.

Podle ¢asového pribéhu zadané (fidici) velic¢iny délime fizeni do tii skupin:

e Rizeni na konstantni hodnotu je takové, kdy zadana hodnota méa po celou
dobu cinnosti konstantni hodnotu. Sem patfi fizeni frekvence a napéti v
rozvodné siti, regulace hladiny (napt. ve splachovacéich na WC), fizeni teploty v
riznych technologickych provozech. Ukolem fizeni u tohoto typu je pouze
kompenzace poruch, které plisobi na fizeny systém. Regulace na konstantni

hodnotu se vyskytuje obvykle u fizeni zakladnich fyzikalnich veli¢in (teplota,
12



tlak, vlhkost, napéti, proud, otdcky, pratok, hladina). Radime sem i takové
systémy, u kterych se zadana hodnota sice ¢as od ¢asu méni, ale mezi tim je
konstantni (teplota v obytnych prostorech den -noc). Systémy automatického

fizeni na konstantni hodnotu se ¢asto obecn¢ nazyvaji regulatory.

e Systémy typu servomechanismus se vyznacuji tim, Ze zadana hodnota se
méni pfedem neznadmym zpusobem, a hlavnim tkolem fizeni je zajistit jeji co
nejpiesnéjsi sledovani regulovanou veli¢inou. Nazev je odvozen od nejéastéjsi
realizace tohoto typu ¥izeni, totiz sledovani polohy. Uloha kompenzace poruch
je zde obvykle druhofada a primarni je zajisténi co nejrychlejsi a nejveérnéjsi

shody fidici a fizené veliCiny.

e Za programové rizeni oznacujeme takové, u kterého zZaddana veli¢ina mé v
case pfedem znamy prab&h. Ob¢ zdkladni Ulohy fizeni (co nejvernéjsi sledovani
a kompenzace poruch) jsou zde rovnocenné a podle toho také musi byt

navrzen fidici algoritmus.

Zcela zékladni déleni vSak spociva v tom, zda se fizeni déje v otevieném
obvodé (bez zpétné vazby, obvykle mluvime o ovladani) nebo v uzavieném obvodé
se zpétnou vazbou (obvykle nazyvané regulace). Tyto dva zakladni typy fizeni

jsou tak zadsadni, Ze jim vénujeme samostatny odstavec.

1.2 Systémy primého a zpétnovazebniho Fizeni (ovladani a re-

gulace)

13



w(t) z(t)

Obrazek 1.1: Schéma ovladani

Blokové schéma systému pfimého fizeni je na obrazku 1.1. Na fizenou soustavu
(S) s vystupem y pusobi kromé akéni veliéiny X (vystupni veli¢ina regulatoru R)

poruchy

v1 (na vstupu soustavy) a vz (pfi¢ita se k vystupu soustavy). Regulator R produkuje

akeni veli¢inu X podle fidici (Zddané) hodnoty w, ktera ptisobi na jeho vstupu.

Vzhledem k tomu, Ze reguldtor nemé Za4dné informace o skute¢né hodnoté
vystupu y, nemiZe reagovat na pusobeni obou poruchovych signéli, z ¢ehoz plyne,
ze v tomto uspofadani neni mozné splnit jednu z hlavnich tloh, kompenzovat vliv
poruchovych signdli. Druhou zdkladni Glohu, totiZ co nejvérnéjsi sledovani Zadané
hodnoty, lze realizovat jediné tehdy, ma-li regulator spravné informace o vlastnostech
soustavy S. Rizeni bez zpétné vazby lze proto pouzit jen tehdy, chceme-li zménit
vlastnosti soustavy z hlediska pienosu fidici veli¢iny (podle pravidel blokové algebry
je ptenos dvou bloki, zapojenych Vv sérii, dan soucinem jejich dil¢ich ptenost). Jde
vétSinou o jednoduché fizeni ve smyslu ovladani (fizeni kiizovatky podle pfedem
stanoveného programu, vytapéni budov prostym prepnutim poloh ventilu ptivodu pary
podle denni doby a ro¢niho obdobi). V obou uvedenych ptikladech bude ovSem

skutecnd hodnota vystupu zaviset na pritomnosti poruchovych signala (v ptipadé

14



ktizovatky nepiedpokladana hustota vozidel v jednom sméru, v ptipad¢€ vytapéni budov
abnormalni venkovni teplota nebo jiné vlastnosti budovy- napi. oteviené okno).
Naproti tomu pii pfesné znalosti pfenosu soustavy lze vypocitat tvar akéni veli¢iny
tak, aby soustava piesSla z jednoho stavu do druhého pii splnéni zadanych podminek
(napf. optimalni fizeni na minimum spotfebované energie nebo uskutecnéné v
minimalnim mozném case).

Naproti tomu fizeni se zpétnou vazbou (regulace), jehoz blokové schéma je na

obrazku 1.2, poskytuje daleko §ir§i moznosti.

l'ﬁ(i) va(t) i
y(t)

P AR ECY S oy I

Obrazek 1.2: Schéma regulace

Ridici veli¢ina w je v souétovém (rozdilovém) &lenu porovnavana s hodnotou
regulované veli¢iny y a vysledna regulaéni odchylka e je vstupni veli¢inou
regulatoru. Regulator tak miZze reagovat nejen na zmeénu fidici veli€¢iny, ale 1 na
disledky piisobicich poruch. V nasledujicich kapitolach budeme podrobné studovat
vlastnosti systémt se zpétnou vazbou, zde jen dodejme, zZe prave tento zptisob fizeni

tvofi hlavni napli kurzu Rizeni a regulace .
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Blokové schéma na obrazku 1.2 je maximalné zjednoduseno pro tcely pochopeni

vvvvvv

pristrojové realizace je na obrazku.

U1 Vs i
£r Y

Rizend
soustava

w € Tstiedni | | Vigkonovy Aként
—>| pri _,@_) Ustredni | | VY _ Uiy ,
clen zesilovac organ

Snimac

(€idlo)

A

Pr.2

Obrazek 1.3: Podrobné schéma regulace

Ridici veli¢ina w je zadavana bud' ruéné, pomoci posuvného nebo otoéného
ovladace a pro nasledny rozdil od regulované veli€iny Y je tfeba ji upravit na stejnou
fyzikalni veli¢inu, jako je signal z cidla regulované veliCiny. K tomu slouzi
prevodniky Pt.1 a Pt.2., u kterych ptredpoklddame linearitu a z hlediska dynamiky
nulové zpozdéni. Proto je v regulacnim schématu na obrazku 1.2 miizeme vynechat.
Dynamické vlastnosti snimace obvykle zanedbatelné nejsou, predpokladame vsak,
ze jsou zahrnuty do chovani regulované soustavy. Samotny regulator se sklada z
ustfedniho ¢lenu, ktery urcuje vlastni algoritmus fizeni vykonového zesilovace a
akéniho organu. Dynamické vlastnosti téchto blokli obvykle zahrnujeme bud' do
regulované soustavy, nebo do regulatoru. V obrazku 1.3 nejsou nakresleny
signdlové poruchy, které ovSsem mohou puisobit v kterémkoliv misté. V technické
praxi je obvyklé chapat pod slovem regulator vS§echny bloky z obrazku 1.3, kromé
samotné soustavy a akéniho organu. V obchodni nabidce pak najdeme standardné

vyrabéné regulatory, ke kterym se pfipoji pouze snimac zvoleného typu a jejichZ vystup
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je schopen ovladat vybrany akc¢ni €len (ventil, servomotor, solenoid apod.). Velikost
zadané veli¢iny se nastavuje bud' ru¢né na ¢elnim panelu regulatoru, nebo se zadava
dalkoveé z pripojeného pocitace. Tyto regulatory se vyrabéji pro regulaci vSech
béznych fyzikalnich veli€in (teplota, tlak, poloha, vlhkost, otacky, napéti). Ve velké
veétsing piipadt vyhovi pomérné jednoduché algoritmy fizeni (reléové nebo PID).
Reléové regulatory patii do oblasti nelinearnich systémii a jsou obsahem dalSiho

kurzu.

1.3 Shrnuti

V této kapitole byly probrany zdkladni pojmy z oblasti automatického ftizeni.
Ctenaf se zde seznamil s rozdilem mezi ovladanim a Fizenim, se zakladnimi

blokovymi schématy. Bylo zde popsano podrobné regulacni schéma

2 Stavovy popis systému

V predmétu Signaly a systémy jste se dozvédeéli o vnéjsim popisu systémii. Do vnéjsiho
popisu spada popis pomoci diferencialni rovnice, impulsové charakteristiky, prechodové
charakteristiky, frekvencni charakteristiky, operdtorového a frekvencniho prenosu systému
a rozlozZeni nul a polii. Jejich spolecnym rysem je fakt, Ze se nezajimaji o to, co se v systému
skutecné deje, ale pouze o relaci mezi vstupem a vystupem. Na systém tedy pohlizeji jako na
cernou skrinku. V této kapitole se seznamime se stavovym popisem systémii. Zakladni sta-
vebni prvky stavového popisu jsou integrdtor, sumdtor a proporcionalni clen. Vzdjemnému
propojeni techto zakladnich prvku tak, aby popisovaly chovani néjakého systéemu, se rika
stavovy diagram. Jak jiz vyplyva z ndzvu, je tento popis zaloZen na pojmu stav systému, na
ktery muzZeme pohlizet jako na vystup integratoru. Stavovy popis vznikl z ditvodu moznosti
studovat stavy uvniti systému, zejména u vicerozmeérovych a u nelinearnich systémaii.
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2.1 Zakladni pojmy stavového popisu

Doposud jsme vétSinou uvazovali systém s jednim vstupem a jednim vystupem.
Stavovy popis se Casto pouzivd pro systémy s vice vstupy a vystupy. Proto pii
zavadéni stavového popisu uvazujme linedrni systém s m vstupy a r vystupy tak, jak
je znazornéno na obrazku
2.1. Takovyto systém bychom mohli popsat mnozstvim pienosi mezi jednotlivymi
vstupy a vystupy. Pro zvySeni piehlednosti popisu se pouziva maticového zapisu.
Tim bychom vsak opét ziskali pouze vnéjsi popis.

2.1)

i i
r ”1—“} Linearni systém gl—(}, 0 .
- t2(t) 1(t) ya(t) =
g -< E(f} = 2( >_.-='
Uy (if'} I“(t} {;‘I(f:l
I A
~ i

K tomu, abychom mohli provést vnitini popis systému 2.1, potfebujeme zavést

nekteré pojmy:

Stav systému je nejmensi pocet proménnych n (stavovych proménnych), jejichz
znalost v Case t = to spolu se znalosti vstupli do systému pro Casy t > to pln¢
urcuje chovani systému v ¢ase t > to. Stav systému urcuje stavovy vektor.
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Stavovy vektor je sloupcovy vektor, ktery vétSinou znac¢ime X(t) a jehoz slozky tvoii
stavové proménné (viz rovnice 2.1).

z(t) = ORI y(t) = ""5 @)

x,(t) Uy (1) Y (t)

Stavové proménné dynamického systému jsou casové funkce, které urcuji
vnitini stav systému. Z hlediska praktického pouziti je lepsi, kdyz
stavové proménné vyjadiuji néjakou méfitelnou veli€inu uvniti systému.
Obecné vsak zvolené stavy nemusi v systému fyzicky existovat.

Stavovy prostor je N-rozmérny prostor realnych ¢isel ", jehoz soufadnice tvoii
stavové proménné. Stav systému v daném okamziku je bod v tomto
prostoru.

Vektor vstupt je m- sloupcovy vektor, jehoZ slozky tvoii vstupni veli¢iny
rozmérny

systému a znacime jej obvykle u(t) (viz rovnice 2.1). U systému s
jednim vstupem je u(t) skalarni veli¢ina u(t) = u(t)

Vektor vystupl (vystupni vektor) je r-rozmérny sloupcovy vektor, jehoz
slozky tvoii vystupni veli¢iny systému a znac¢ime jej obvykle y(t) (viz
rovnice 2.1). U systému s jednim vystupem je y(t) skalarni veli¢ina y(t)
=y(®

Stavové rovnice ur€uji vztah mezi stavem systému a jeho vstupy a vystupy.
Prvni stavovou rovnici tvofi soustava diferencidlnich rovnic prvniho
fadu. Udava vztah mezi derivacemi stavovych proménnych a vektory
stavu a vstupu. Tim vlastné popisuje, jak se vyviji stavy systému V Case.
Na stav se mtizeme divat jako na vektor v n —rozmérném prostoru, jehoz
poloha se v ¢ase méni, a Tim jeho konec vytvari kiivku, kterd se nazyva
stavova trajektorie

11 = 11 (f) + -4 (1].”;17.,,_(17) -+ b| [U[(f) + e+ bl,,,_-um(t)
B9 =  agx1(t) + -+ agnrp(t) + boguy (t) + -+ + bop(t)
2.2)

:‘;Tn. = Oyp1T (f-) + -+ -‘]‘,m.'?”-”(f') + hnl“—'l (f) + -+ hnm“m(f)

Vidime, ze tento popis umoznuje vazbu derivace stavové proménné na libovolny
vstup nebo stav. Pokud zde tento vztah neni, je odpovidajici koeficient roven nule.
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Ptedesla rovnice 1ze jednoduse piepsat maticove

&(t) = Az(t) + Bul(t) (2.3)

Druha stavova rovnice urcuje vztah mezi vektorem vystupu a vektory stavu a
vstupu

stavu a vstupu.

Y1 = ('11.!'1“) + e+ ﬂln-'“"n“) + lr31']1""'1(31') + -+ dlm”-m(t)
Yo = cnZi(t) + -+ con®p(t) + darug (t) + - - - + domum(t) (24)

Yr = {_',.1.'1.?1(” T T Cpp '.I,'“(f} + lr‘E'.r'llf-{l('!)' +oe drm um(t)

Druhou stavovou rovnici maizeme také zapsat maticove

y(t) = Cx(t) + Du(t) (2.5)

Matice koeficientt A, B, C a D maji nasledujici vyznam

A je matice vnitinich vazeb systému (t€Z systémova matice nebo matice
zpétnych vazeb). Ma rozmér n x n.

B je matice vazeb systému na vstup (téz vstupni matice). Ma rozmér n x m.

C je matice vazeb vystupu na stav (téZ vystupni matice). Ma rozmér r x n.

D je matice ptimych vazeb vystupu na vstup (téz matice pfevodu). Ma
rozmé&r r m. Z hlediska dynamickych vlastnosti nejsou tyto vazby
podstatné a v fad¢ pripadu je tato matice nulova.

U lineéarniho staciondrniho systému jsou vSechny koeficienty matic konstantni
realna

¢isla. Pokud jsou n&které koeficienty zavislé na Case, pak se jedna o
Casoveé proménny systém. U nelinearniho spojitého systému mohou byt
prvky matic zavislé na stavovych proménnych, nebo na vstupnich
veli¢inach. Stavové rovnice se potom ne- zapisuji maticove, ale pomoci
obecnéjsiho zapisu, se kterym se budete setkavat v navazujicim kurzu
Regulace a fizeni IL.

= f(x,u,t)
y=g(xz ut)

(2.6)
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Na obrazku 2.2 je ukazano obecné stavové schéma, které vyjadiuje
rovnice (2.3) a (2.5). Blok s integratory ptedstavuje n nezavislych
integratorti. VSechny signaly jsou nakresleny tu¢né, aby se upozornilo
na skutecnost, ze Se obecn¢ jedna 0 vek- tory. Barevné jsou rozliSeny
rizné dimenze vektord. Na rozdil od vnitiniho popisu, kdy je relace mezi
vstupem a vystupem dana jednoznacné, neni zptisob stavového popisu
jednoznacény. Riizné tvary matic A, B, C a D mohou totiz z hlediska
vstup- vystupniho déavat stejné odezvy.

P¥iklad 2.1 U ndsledujiciho schématu urcete

a) prenos v Laplaceove transformaci

u(t) Xt) [y x(t) ¥(t)
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Obrazek 2.2: Obecné stavové schéma systému

i R L
UR ug
> > |
ui(t) —C ua(t)
\ 4 \
[c] 5]

Obrazek 2.3: Jednoduché elektrické schéma
b) stavovy popis

C) z urceného stavového popisu vyjddrete pienos v Laplaceove transformaci

ad a) Pro urceni pfenosu potiebujeme znat impedance jednotlivych prvka.
Jak vime z teorie elektrickych obvodi, je impedance civky pL a impedance
kondenzatoru 1/pC. Operatorovy pienos se urci jako pomér obrazu vystupniho
napéti Uz(p) ku obrazu vstupni- ho napéti Ui(p). Pro dané obrazy plati:
vystupni napéti je napéti na kondenzatoru Uz(p) = I(p)/pC a vstupni napéti je
dano souctem napéti na odporu, indukénosti a kondenzatoru Ui(p) = RI(p) +
pLI(p) + X 1(p). Vysledny prenos miizeme psat

CUs(p) ~1(p) |

F(p) = — —
2 Ui(p) RI(p)+pLI(p)+ %I(p) LCp*+ CRp+1

Urceni prenosu tohoto jednoduchého elektrického zapojeni je vcelku jednoduchou
zalezitosti. VSimnéme si, Ze ze zjisténého pienosu nejsme schopni zpétné urcit
proud nebo napéti na jednotlivych prvcich. Dava ndm pouze ptedstavu o
vztahu mezi vstupem a vystupem. Podivejme se nyni, jak je to s urenim
stavového popisu.

ad b) Pfi urcovani stavového popisu je potieba zvolit stavové promeénné.
Jako stavové proménné se u elektrickych obvodi voli veli¢iny, které skokove
neméni svoji hodnotu. Jedné se o napéti na kondenzatoru a o proud civkou. I
pfes toto doporuceni existuje pii volbé stavovych proménnych volnost.
MiiZzeme si totiz tyto veliiny vybrat v libovolném potadi. Zvolme si naptiklad
proud civkou, ktery odpovida proudu v celém obvodu i, jako stavovou
proménnou Xz a napé€ti na kondenzatoru C, které je vlastné vystupnim nap&tim
Uz, jako druhou stavovou proménnou Xi. Z fyziky vime, ze pro vztah mezi
proudem a napé&tim na civce a na kondenzétoru plati vztahy.
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Urceni prenosu tohoto jednoduchého elektrického zapojeni je vcelku jednoduchou
zalezitosti. VSimnéme si, ze ze zjisténého pienosu nejsme schopni zpétné urcit
proud nebo napéti na jednotlivych prvcich. Dava nam pouze ptedstavu o
vztahu mezi vstupem a vystupem. Podivejme se nyni, jak je to s urCenim
stavového popisu.

Tyto vzorecky se pokusime upravit tak, aby se zde vyskytovaly pouze stavové
promeénné a vstupy a vystupy. Napéti na civce muzeme rozepsat jako uL = uz URr
u2 = U Ri uz. Dosazenim do predchozich rovnic a vyjadienim derivaci stavovych
proménnych ziskame

d’LLQ - ]
dt O
di 1 .
E = E(Ul — R’L — U,Q)

Toto je prvni stavova rovnice popisujici chovani elektrického schématu podle
obrazku

2.3. Druha stavova rovnice popisuje vystupy ze systému. V nasem piipadé mame jeden

vystup, ktery je pfimo roven jedné stavové promeénné ua(t),

y(®) = ua(t)

Zkusme si stavové rovnice zapsat maticové. Predtim nez tak ucinime, si nejprve

prepisme predchozi rovnice do tvaru rovnic (2.2) a (2.4)

du 1.

d_tQ = Oug +61 + Ouq
@ = —lu ——1+ U
L L L'

V maticovém zapisu potom dostavame
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0 — 0
t L C (%)
@ |=|\_1 R (2‘)+<%>“1 9

2.2 Vzajemny vztah mezi vnitinim a vnéjsim popisem

Mezi vnitinim a vnéjSim popisem existuje vzajemna souvislost. Pokud méme
stavovy popis systému, mizeme z n¢ho urcit matici prenosovych funkci. To,
7e se jednd o matici, je déno tim, Ze stavovy popis je definovan obecné pro
vice vstuptl a vystuptl. Naproti tomu pienos systému je definovan mezi jednim
vstupem a jednim vystupem. V této matici jsou ulozeny vSechny vzajemné
kombinace vstupti a vystupi. Tento smér pievodu je jednoznac¢ny. Pokud
mame pienos systému S jednim vstupem a jednim vystupem, pak je mozné ho
prevést na stavovy popis. Tento pievod jiz neni jednoznaény, protoze existuje vice,
na

prvni pohled rtiznych, stavovych popist, které maji stejné chovani jako jeden
prenos.

2.3 Uréeni matice prenosovych funkei ze stavového popisu

Uvazujme lineédrni stacionarni systém s m vstupy a r vystupy. Vngjsi popis je
reprezentovan matici pienosovych funkci F (p)

l‘~||(])) I“l'.](l)) [:]IH(]))

Fo(p) Fa(p) -+ Fom(p)
F— ‘: . : (2.9)
I“I'l([’) 1:!._’([)) 1“1'1:!(,')
Pro vektor obrazil vystupti Y (p) = (Y1(p),y2(p), ..., Yr(p))"" plati
Y(p) = F(p)U(p) (2.10)

kde U(p) = (U1(p), U2(p), ..., Um(p))"

Pro jednotlivé prvky matice pfenost (pienosové matice) F (p) plati

_ Yip)
Fij(p) = v,
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Protoze Y (p) a U (p) jsou vektory, jejichz déleni neni definovano, nemtizeme
defini¢ni vztah pro celou matici F (p) psat ve stejném tvaru jako vztahy pro
jednotlivé jeji prvky. Odvozeni matice pfenosu provedeme prevodem stavovych
rovnic do Laplaceovy transformace.

pX(p)— X(0) = AX(p)+ BU(p) (2.11)
Y(p) = CX(p)+DU(p) (2.12)

Pfenosy jsou definovany pro nulové pocatecni podminky, proto se prvni
rovnice zjednodusi na

pX(p) = AX(p) + BU(p) (2.13)
Nyni si vyjadiime X
X(p) = (pI - A)"'BU(p) (2.14)

kde | je jednotkova matice.
Dosazenim takto upravené prvni stavové rovnice do druhé stavové rovnice v
Laplaceové transformaci dostaneme

Y(p) = [C(pI — A)"'B + D] U(p) (2.15)

Z matematiky vime, Ze inverze matice (pl - A)! se da spoditat jako podil jeji
adjungované a jejiho determinantu. Potom

(2.16)

Y (p) adj(pI — A)B + D | U(p)

1
h Cch (pI — A)
V hranatych zavorkach je ziskany pienos F (p). Pfenosova matice ma poly
rovné
vlastnim ¢islim matice A. To neznamena, Zze by vSechny pfenosy Vv pienosové
matici obsahovaly vsechny poly F (p), protoze nékteré z nich se mohou zkratit
S kofenovymi
Ciniteli v Citateli.
Zpétna transformace matice pienost F (p) dava matici impulsnich
charakteristik G(t). Prvky této matice gij(t) reprezentuji odezvu systému na i-
tém vystupu na Diraktv impuls ptisobici na j-tém vstupu.

Ptiklad 2.2 Systém je popsdn nasledujicimi maticemi:
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A:(g _12) B:(é (1]) C=(1 2 D=0 (2.17)

Urcete prenosovou matici F (p).

Na zakladé dimenzi matic vime, Ze systém ma dva vstupy a jeden vystup. Nejprve
vypocitdme inverzi matice

_f(roy /0 1N _(p -1
pI’A_p(n 1) ({1 —2)_(0 p+2)

1 1 2 1 (2.18)
) _ 1 TS _ _ P + -
L - A4)" = det (pI — A)dd‘](pf 4) = plp+2) ( 0 P)
Pro matici pienost
potom plati
_ _ g (1 < 1 p+2 1\ /1 0
Fip)=C(pI-A)"'B=(1 2) o+ 2) ( 0 p) (U 1) (2.19)

2.4 Prechod k jinym stavovym proménnym

Regularni transformace stavovych proménnych vytvaii novou stavovou
reprezentaci, kterd ma stejné vztahy mezi vstupy a vystupy. Mnozina n novych
stavovych proménnych se ziska transformaci

" el I, el L il
Ty = pnry+pieta+ o+ Pty

rfz = Pan + P22 + o+ Ponln (2.20)
mn = Pl + Pr2i2 + -+ PrnTn

Tento vzorec miizeme zapsat maticove

' = Px (2.21)

Pokud je provedena transformace regularni, daji se potom ptvodni stavové
proménné vyjadfit na zaklad€ novych stavovych proménnych pomoci inverzni
transformace
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(2.22)
r=Qx =P 'z

Kdyz dosadime inverzni transformaci do stavovych rovnic (2.3) a (2.5), ziskame
— AP 'a2' + Bu

a‘jf
@' = (PAP )2’ + (PB)u (2.23)
y = (CP '+ Du

P 1

Zavedeme-li oznaceni novych matic

A = PAP!
B = PB (2.24)
c' = CcpP!

jsou nové stavove rovnice

Y A Bl (2.25)
Yy C'z' + Du

Ukazme, ze vztahy mezi vstupy a vystupy jsou u obou
stavovych popist stejné.
Matice prenosovych funkci transformovaného systému je
F(p) = C (I -A)"'B

Pokud v této rovnici nahradime nové matice maticemi ptivodniho systému,
ziskame rovnici

F'(p) = CP '(pI - PAP 'Y'PB =
= CP '(pPP'—PAP ')'PB =
~ CP'|P(pI-A)P'|"'PB =
~ CP'P(pI-A)'P'PB=
= C(pI - A)'B

coz je stejna matice prenosovych funkci jako pro systém s ptivodnimi stavovymi
proménnymi.

Ptiklad 2.3 Pomoci programu MATLAB prevedte systém popsany prenosem

1

!_" i —
) P42 +3p+1
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na systém popsany stavovymi rovnicemi. Ziskané vyjadieni prevedte na jiny tvar

pomocl transformacni matice

Nejprve zadame prenos
>>F = tf(1,[1 2 3 1]);
Potom ho pfevedeme na stavovy popis

>> Fss = ss(F)

a =
x1 x2 x3
x1 -2 -0.75 -0.0625
X2 4 0 0
x3 0 4 0

C =
x1 x2 x3
y1 0 0 0.25

x1
x2
x3

y1

stavovy popis systému pietransformujeme na novy pomoci transformaéni matice

> P=1[101;012;00 3]; Fsst

x1 X2 x3
x1 -2 3.25 -1.521
%2 4 8 -6.667
x3 0 12 -8
x1 x2 x3
y1 0 0 0.08333
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2.5 Urceni stavového popisu z pirenosu jednorozmérnych
systémii

Méme-li pfenos jednorozmérného systému v Laplaceové transformaci, ¢i
diferencialni rovnici, mizeme provést pievod na stavovy popis. Jak jiz bylo
feceno, neni stavovy popis jednoznacny. Nekteré tvary pfenostt maji zvIastni
postaveni pii uréovani stavového popisu systému. Tato zvlastnost se projevuje
Tim, ze prvky matic A, B, C a D pfimo souviseji se zapisem v Laplaceové
transformaci, takze jejich urCeni je (jak si ukaZzeme v nasledujicich
podkapitolach) jednoduchou zélezitosti. O pfenosové funkci piredpokladame,
7e je ve tvaru raciondlni funkce lomené, neobsahuje zadné nevykracené nuly a
poly. Takovy systém by byl nefiditelny a nepozorovatelny. Tyto dva pojmy
budou rozebrany pozd¢ji.

2.5.1 Piimé programovani

Tento zpusob prevodu je vhodny, jestlize ptenosova funkce je ve tvaru poméru
dvou polynomil

Y(p) _ bmp™ + bpoap™ ' 4+ bip+ by (2.26)

Flp)= = , kdem < n
Ulp) Pt g pt 4o+ ap+ag

stavovy diagram, ktery odpovida tomuto systému, je na obrazku 2.4, coz dokaZeme
tak, Ze odvodime prenosovou funkci diagramu. Pro Laplacetv obraz funkce e(t)
plati

E(p)=U(p) — E(p) (—””_1 ; ”":2 boeee iﬁ)
P p- P

a pro obraz vystupu

. ) 1 1 1 1
Y(p) = E(p) (brr + b1 + —,)i)” P s o — by + —b“)
il p= P p"
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Vyjadienim U (p), dosazenim do poméru Y (p)/U (p) a vynasobenim
Citatele i jmenovatele p" dostaneme stejny pienos, jako je uveden v rovnici
(2.26). Pokud plati m = n — Kk, jsou koeficienty biproi=n,n—1,n—2,---,n
— k nulové. Pokud zvolime vystupy integratort za stavové proménné Xi(t) az

0 1 0 - 0 0
0 0 1 - 0 0

A= : : : : B=|: (2.27)
o 0 0 - 1 0

—ag —1 —0a ++r —(p_q 1

C = [(bo — aghy), (b1 — a1bn), -+ , (b1 — @n_1by)

| D=,

Xn(t), jsou matice systému ve tvaru

U vétSiny redlnych dynamickych systému plati n > m. To znamena, Ze
koeficient by je nulovy, ¢imZz se podstatné zjednodusi matice C a matice
pifimych vazeb ze vstupu na vystup je nulova D = 0. Pfi tomto zpusobu
konstrukce ziskavame zvlastni tvar systémovych matic. Matice A ma nenulové
pouze jednotkové koeficienty nad hlavni diagonalou a v poslednim fadku jsou
zaporng vzaté koeficienty polynomu z jmenovatele pienosu F (p). Jak jiz vime,
je dynamika systému dana pravé jmenovatelem ptenosu. Proto neptekvapuje,
Ze je matice zpétnych vazeb svazana pravé s jmenovatelem. Tato realizace
stavového popisu se nazyva Frobeniuv kanonicky tvar.

Poznamka: V nékteré literatufe a také v programu MATLAB jsou stavy
indexovany v obraceném potfadi. To se ndm projevi ve zméné tvaru
systtmovych matic. Matice A ma potom nenulové pouze jednotkové
koeficienty pod hlavni diagonalou a koeficienty v prvnim
fadku, které jsou zaporné vzaté koeficienty z jmenovatele ptenosu F (p), ale v
obraceném potadi. Matice B a C, které jsou v nasem uvazovaném piipad¢
jednorozmérovych systémi vektory, jsou potom v obraceném potadi. Je trosku
matouci, Ze i tento zplisob zapisu je nazyvan kanonickym tvarem.

2.5.2 Paralelni programovani

Tento zpisob konverze ptenosové funkce do stavového popisu se pouziva
tehdy, pokud je pienos systému ve tvaru sou¢tu jednoduchych vyrazu, jejichz
jmenovatel je nejvyse druhého fadu.

t by b;. b,
F(p) = —— 4 —2— 4o — ’ + (2.28)
P+ a P+ as et app+ag Py
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Stavovy diagram odpovidajici tomuto pfenosu je na obrazku 2.5. Stavové matice
maji tvar

—ay 0 0 0 0 0
0 —as 0 0 0 0 i
. - : | 2.29
A 0 0 0 - —ap, —ap - 0 B 1 (2.29)
S S : |
0 0 0 - 0 0 - —a,
C = [by, by, 0, b, , byl D=0
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Translation

1. Introduction to automatic control

The objective of this introductory chapter is the explanation of the basic terminology used
in automation technology. The difference between feedforward and feedback control will be
explained. Feedback control, or in other words, closed-loop control, will be the main focus
of this textbook.

1.1 Basic terminology

Control is any intentional effect on the controlled object with the objective of reaching a

certain status. If such control is automatic, it is called automatic control.
There are two main forms of automatic control in applied technology:

1. Sequential control, where the controlled system changes from one state to another.
This usually happens when certain conditions are met. A common example is the
start or the end of a technological process. Copy printer xerox is prepared to do its
work only after a cylinder is heated; The lamp is turned off after a projector is turned
off, but the fan continues to rotate for a certain period of time, so as to prevent
overheating caused by residual heat. However, sequential automation of industrial
systems, such as an energetic block, is rather more complex and the number of
possible states which the system can attain may be in orders of tens of thousands.

2. Control of dynamic systems. In this case, the objective of control is to ensure that
a particular (controlled) quantity follows the time course of controlling (desired,
input) quantity (also called setpoint) as accurately as possible, even despite signal or
parametric disturbances, which may affect the controlled system. Therefore, a
controller generating a control action, which affects the system, has two functions:
to ensure faithful control tracking, which is difficult due to time delay (generally,
because of dynamic properties) of the controlled object, and to compensate for
disturbances, which may affect the controlled object, so as to make their effects on

system output as low as possible.

This textbook is dedicated to control of dynamic systems without considering whether the

system is technical, economic, social or other. What is crucial is whether the equations
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describing properties of the controlled system have the same form. If they do, the derived
algorithms will be relevant no matter what the physical substance of a system is.

Regulated systems (objects) may have one input and one output. In that case, they are
described as SISO-systems (Single Input-Single Output). If there are more inputs and more
outputs, they are described as MIMO systems (Multiple Input-Multiple Output).

These quantities (variables) appear in systems of automatic control:
System output is the output quantity of a controlled system (generally denoted as y)

Setpoint, also desired value or input quantity; the value and time course of this variable
defines, what value and time course should the system output be (generally denoted as w).

Control error is the difference between desired value and system output (generally denoted
asc,c=w-y).

Control action, also controlling quantity, is input quantity of regulated system and output

quantity of regulator (generally denoted as u, in some cases X)

Disturbance is a quantity which affects input, output, or any point of the regulated system.
In practice, one system can be affected by several disturbances at various points. (This course
will only consider signal disturbances, parametric disturbances, that is, the changes of
properties of regulated system will be discussed later). Signal disturbances are generally

denoted as v.

Controlled systems may have constant (time-invariant) properties or their properties may

change in time. In this course, time-invariant systems will be discussed most of the time.

Processes occurring in controlled systems can be described using either linear or non-linear

equations. Linear system is a system meeting these criteria:

Multiplication by a constant — if the response of a system for input signal u(t) is y(t), the

linear system will respond to input ku(t), where Kk is the constant, with response ky(t).

Superposition principle — if the response of a system to ui(t) is yi(t), the response of the

linear system to signal u(t) = Yj; u;(t) must be y(t) = Y=, v (t).

Only a few systems in the real world are truly linear. However, many real systems are not
significantly different from linear systems, especially at working points. Therefore, they can

be assumed to be linear with a certain degree of inaccuracy. Considering the fact that
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description and solution of problems with linear systems is drastically simpler than non-
linear systems, this course will be limited to linear systems only. In practical realization, the
first step will be linearization of a system, during which the real system will be replaced by
its model, which will replace previously non-linear relations with linear equations near the
working point with sufficient accuracy. In general, it is possible to linearize systems with
so-called parasitic non-linearities, which appear in the systems due to construction reasons,
such as saturation, limitation, non-sensitivity band, hysteresis of magnetic materials etc.
Apart from these non-linearities, substantial non-linearities exist within automatic control
systems often included intentionally which cannot be linearized. This concerns mainly
elements with relay characteristics with only two or three—value output. Non-linear systems

will be the topic of a following course.

The process of control may be implemented through various means. Control systems are
divided into several groups accordingly, some of which are considered to be standard.
Actuators self-acting and actuators with additional power supplies are distinguished,
which are based on whether the control uses energy only from the controlled system or from
an external supply. Self-acting actuators are simple actuators in refrigerators, irons, ovens or
regulators of level or voltage (for example, recharging car battery.). Another method of
distinguishing actuators can be based on whether the effects of control action are in
continuous time or in certain time intervals. Depending on this, the control is either in

continuous time or discrete time. This course is concerned with both of these.
Depending on the time course of setpoint, control can be divided into three groups:

Controlling a value to constant value is a type of control, in which setpoint is constant all the
time. Control of frequency and voltage in power grid, regulation of surface (for example
flushing in toilets), control of temperature in various technologic processes requires constant
setpoint. Control to a constant value is typical for controlling basic physical quantities
(temperature, pressure, humidity, voltage, current, revolutions, flow, surface). Systems in
which setpoint changes occasionally, but remains constant between those changes, also
belong to this group (temperature in living spaces during day or night). Systems of automatic

control to a constant value are often generally called regulators.

Systems of servo-mechanism type are characterized by a setpoint which changes
unpredictably, and the main objective of the control is to ensure the most accurate following

by the output value. The term is derived from the most frequent implementation of such type
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of control, which is position monitoring. The task of disturbance compensation is usually
not as important as to guarantee the fastest and the most faithful tracking of setpoint and

output value possible.

Program control is control with setpoint with time course that is known in advance. The
importance of disturbances compensation and output value following tasks are equal in this

case and as such, appropriate control algorithm is to be designed.

However, an essential criterion, according to which control is divided into two groups, is
whether the control is in open-loop circuit without a feedback or in closed-loop with

feedback. These are so important that a whole paragraph will be concerned with them.
1.2 Systems with feedforward and feedback control.

Block diagram of feedforward control can be seen in figure 1.1. Besides control action x
(output value of regulator R), disturbances v1 (system input) and v, (added to the output of
the system) affect the controlled system (S). Controller R produces action control x according

to setpoint w affecting the input.

Since the controller does not have any information regarding the real output value y, it is not
possible for the controller to react to the effects of the two disturbance signals, which means
that it is not possible to complete one of the two basic tasks of control in this configuration
— compensation of the disturbance signals. The second basic task, that is, as faithful tracking
of setpoint as possible, can only be completed when the controller has correct information
regarding the parameters of system S. Thus, feedforward control can only be used when the
objective is to change parameters of system relatively to the setpoint (according to the rules
of block algebra, the transfer of two blocks connected in series is given by multiplication of
their partial transfers). In most cases, this is simple control (controlling a junction according
to a program determined in advance, heating buildings by simply switching a fan position
for steam intake depending on time of the day or season). In both mentioned cases, the real
value depends on the presence of disturbance signals (unexpected traffic density in the case
of junction, abnormal temperature or qualities of the building, such as an open window). On
the

35



™M (IL) l-‘z(f)

w(t x(t y(t
(1) . (}X . y(t)

Figure 1.1: Feedforward control diagram

other hand, if exact system transfer is known, it is possible to calculate the form of control
action so as to ensure the system switches from one state to another if particular conditions
are met (i.e. optimal control for minimal energy consumption or control executed in shortest

amount of time).

On the other hand, feedback control the block diagram of which can be seen in figure 1.2

allows for a wider scope of possibilities.

Setpoint w is compared with the value of output value y in the summation (differential) block

l'ﬁ(f) va (1) l
y(1)

u—(f)} E(t} R ﬂz\-d % | —— S % }_.,_).

Figurel.2: Feedback control diagram

and the resulting control error e is the input quantity of the controller. This way, the controller
can react not only to the change of setpoint, but also to the consequences of disturbances
acting on the system. In following chapters, parameters of systems with feedback control
will be studied in detail. It should be noted that the course of Control theory consists mainly

of the feedback control.
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Figurel.3: Detailed feedback control diagram

The block diagram in the figure 1.2 is as simplified as possible to ensure the comprehension
of feedback principle. Practical application is usually more complex. The most frequently

used implementations using actual devices can be seen in figure 1.3

The setpoint w is determined either manually, using an adjustable or revolving controller,
and according to the difference from output, value y is to be adjusted to the same physical
quality of the signal from the sensor of output value. Converters 1 and 2 are employed for
this task. These are assumed to be linear and with no delay with regards to the dynamics of
the system. Therefore, these can be omitted from the diagram in figure 1.2. In general,
dynamic properties of sensors are not negligible, however, they are assumed to be
incorporated in the behaviour of the controlled system. The controller itself consists of
central element defining its own algorithm of power amplifier control and an action
instrument. In business, standard controllers can be found. To these, a selected sensor will
be connected, and their output is able to control a selected action instrument (fan,
servomotor, solenoid etc.). The size of the desired quantity is set either manually on the front
panel of the controller or remotely using a connected computer. These controllers are
manufactured for control of every common physical quantity (temperature, pressure,
position, humidity, revolutions, voltage). In most cases, relatively simple control algorithms
(relay or PID) will suffice. Relay controllers belong to the area of non-linear systems and

are the content of following course.
Summary

In this chapter, basic terms from the field of automatic control have been introduced. The
reader has learned about the difference between feedforward and feedback control and basic

block diagrams. A detailed control diagram has been described.
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2. Description of system states

The external description of systems has been introduced in the course Signals and systems.
Descriptions using a differential equation, impulse response, step response, frequency
response, operator and frequency transfer of a system and positions of zeros and poles all
belong to the external description of a system. One of their common characteristics is the
fact that these are not concerned with the inner occurrences of a system. They are only
concerned with the connection between the input and output. They are treated as a black box.
The topic of this chapter is the description of system states. The integrator, the summator
and the proportional component are basic elements of the description of states. The
connection of these elements to allow them to describe the characteristics of a system is
called state diagram. It can be deduced from the name that this description is based on the
term system state, which can be seen as an output of an integrator. The description of states
was created thanks to the possibility of examining the states inside of a system, especially

the states of multi-dimensional and non-linear system.

2.1 Basic terminology of state space description

Until now, most of the time, a system with one input and one output has been assumed. State
space description is often used for systems with multiple inputs and outputs. That is why a
linear system with m inputs and r outputs is assumed as depicted in figure 2.1. Such a system
could be described by a certain number of transfers among individual inputs and outputs. To
make the description more synoptic, matrix notation is employed. However, this way, only

external description would be the result again.
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Figure 2.4 General linear system

To make the internal system description possible, a few terms need to be defined:

The state of a system is the lowest number of variables n (state variables), the knowledge
of which in time t = to along with the knowledge of inputs of the system for times t > to fully

determines the behaviour of a system in time t > to. The state of a system is determined by
state vector.
State vector is a column vector usually denoted as x(t) and whose elements consist of state

variables (see equation 2.1)

xq(t) uy (1) y1(t)
2(t) = ”72:(” u(t) = | y(t) = yg:m 1)
Ta(t) U (1) yr(t)

State variables of a dynamic system are time functions determining the internal state of a
system. From the point of view of practical application, it is better when state variables

signify a particular measurable variable inside the system, although the selected states do

not necessarily physically exist in the system.
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State space is n-dimensional space of real numbers R", whose coordinates are made of state

variables. The state of a system in a given point of time is a point in this space.

Vector of inputs is an m-dimensional column vector, whose elements are the input variables
of a system and it is denoted as u(t) (see equation 2.1). In the case of a system with one input,

u(t) is a scalar variable u(t) = u(t)

State equations define the relation between the state of a system and its inputs and outputs.
The first state equation consists of a set of first-order differential equations. It defines the
relation between derivations of state variables and vectors of state and input, which actually
describes, how the states of a system change in time. The state can be treated as a vector in
an n-dimensional space, whose position changes in time and thus its end creates a curve,

which is called state trajectory.

1] = 11X (f) + -+ (1].”17.,,_(17) -+ b| ['H[(f) + e b],,,_-u,,,(f)

. (2.2)
B9 =  ani(t) + -+ + agnrp(t) + boyuy () + -« - - + bop i, (1)

_’j?.”_ — ﬁ'--n.l.'rl(t) + -t App Ty (f) + li7n| U (1.) +t b’”‘”"um (f)

It can be seen that this description allows linking of the derivation of state variable to any
input or state. If this relation is not present, the adequate coefficient is equal to zero. The

previous equation can be rewritten in matrices.

x(t) = Az(t) + Bu(t) (2.3)

The second state equation determines the relation between output vector and state and input

vector.

inh = ('11.I'1(f) + -+ (:ln-'l"n“) + i-r'ifll"‘fl(il') + -+ l"i-l'm”-m(ll')

Yo = Cx1(t) + -+ copy(t) + doyug () + - - - + dop (1) 2.4)

Yr = li-’-'J"l-"!-'.l('lt) T+t Gy 'J"n(t) + d'{'l“l(f) +oee d‘rm um(t)
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The second state equation can be rewritten in matrices as well

Matrices of coefficients A, B, C and D have these meanings:

A is a matrix of internal system binding (Also called system matrix or matrix of feedbacks).

Its size is n*n

y(t) = Ca(t) + Du(t) (2:5)

B is a matrix of bindings of system to input (Also called input matrix). Its size is n*m
C is a matrix of bindings of outputs to state (Also called output matrix). Its size is r*n

D is a matrix of direct bindings of output to input (Also called transfer matrix). Its size is
r*m. These links are not important from the point of view of dynamic qualities and the matrix

IS zero in many cases.

In a linear, stationary system, all the coefficients of matrices are constant, real numbers. If
some of the coefficients depend on time, the system is time-variant. In non-linear continuous
system, matrix elements may depend on state variables or input quantities. In that case, state
equations are not written as matrices but using a more general notation, which will be used

in onward course Regulation and control 11

z = f(x, u,t)

y =gz ut) (2.6)

A general state scheme/diagram is shown in the figure 2.2, which expresses equations 2.3
and 2.5. A block with integrators represents n independent integrators. All the signals are
drawn in bold to highlight the fact that they truly are vectors. Various dimensions of vectors
are distinguished by colour. In contrast to internal description, where the relation between
input and output is given unambiguously, the state space description is ambiguous. Various
forms of matrices A, B, C and D can be responding the same way from the point of view of

input-output.

Example 2.1 Using the following diagram, determine
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a) Transfer in Laplace transform

D
@(t) x(t) y(t)
B —»@—b Jdt p}
A
Figure 2.5 General state diagram of the system
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e
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Figure 2.6 Simple electric diagram

b) State space description

c) Express the transfer in Laplace transform from the determined state space description

Ad a) To determine the transfer, we need to know the impedance of individual elements. As
it is known from the theory of electrical circuits, coil impedance is pL and condenser
impedance is 1/pC. Transfer of operator is determined as the ratio of image of output voltage
U2(p) to image of input voltage Ui(p). For these images, output voltage is the voltage on

condenser U, (p) = 1)

pC
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U2(p) = I(p)/pC and input voltage is given by the sum of voltage on resistor, inductance and

condenser

U,(p) = RI(p) + pLI(p) + picl (p). The resulting transfer can be written as:

Us(p) 1(p) B 1
Uilp)  RI(p)+pLI(p)+ ,61(p) LCp*+CRp+1

Determining the transfer of this simple electrical connection is relatively simple. Notice that
it is impossible to determine the current or the voltage on particular elements from the
transfer. It only shows the link between input and output. Now, the determination of state

space description will be discussed

Ad b) While determining the state space description, it is necessary to select state variables.
Quantities that do not suddenly drastically change their value are usually selected. That
would be the voltage on condenser and coil current. Even despite this recommendation, the
state variables can be chosen freely. For example, it is possible to select coil current, which
corresponds to current I in the whole circuit, as a state variable x2 and voltage on condenser
C, which is actually the output voltage uz, and as the second state variable x1. With the
knowledge of physics, it should be known that for the relation between the current and

voltage on coil and condenser, these relations hold:

It should be possible to adjust these equations so that only state variables and inputs and

outputs appear in it. Coil voltage can be expanded as u;, = u; — ug — u, = uy — Ri — u,.

"
dt
A
duy 1
dat - C
%= %(ul — Ri — us)

By substituting into the previous equations and expressing derivations of state variables, we

can get following equations:

This is the first state equation describing the behaviour of electrical diagram according to
the figure 2.3. The second state equation describes outputs from the system. There is only

one output in this case, which is equal to one state variable u2(t),
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y(t) = ua(t)

State equations can be written as matrices as well. Before doing this, they should be rewritten
to a similar form of equations 2.2 and 2.4

dUQ 1 .

— = Quy +—=1 + Ouyq

dt_ C (2.7)
dd L°* L L'

y = lus +07 + Ouq

The matrix notation should then look like this

dUQ 0 i 0
ﬁ . C U9 1
al=11 % <Z>+ 1w (2.8)
dt L b L

Y = (1 0) <u72> + Ouy

2.2 The mutual relation between internal and external description

A mutual relation exists between the internal and external description. If a state space
description of a system is known, a matrix of transfer functions can be determined. The fact
that it is a matrix is caused by the fact that the state space description is defined generally
for more inputs and outputs. On the other hand, the transfer of a system is defined by one
input and one output. All of the possible combinations of mutual inputs and outputs are in
this matrix. The direction of this conversion is clear. If a transfer has one input and one
output, it is possible to convert it to state space description. This conversion is not as clear,
because more seemingly different state space descriptions exist with the same behaviour as

one transfer.

2.3 Determining the matrix of transfer functions from state space

description

A linear system with m inputs and r outputs is assumed. The external description is

represented by a matrix of transfer functions F(p)
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nu(p) Fiap) -+ Fim(p)
o1(p) Faalp) -+ Fom(p)

: T (2.9)
I"rl(l’) ]"r'.f([)) I“r'm([))

For a vector of images of outputs Y(p) = (Y1(p),y2(p),..,Yr(p))7, it holds that
Y(p) = F(p)U(p) (2.10)

where U(p) = (U1(p), U2(p), ..., Um(p))T

For individual elements of matrix of transfers (transfer matrix) F(p) it holds that

Yi(p)
Fy) =56

Because Y(p) and U(p) are vectors with no defined borders, it is not possible to write the
definition relation for the whole matrix F(p) in the same form as the equations for individual
elements. The matrix of transfer can be derived by converting state equations to Laplace
transform

pX(p) — X(0) = AX(p)+ BU(p) (2.11)
2.12
Y() = CX(p)+DUG) (212

Transfers are defined for zero initial conditions and thus the first equation will be simplified

to
(2.13)
pX(p) = AX(p) + BU(p)
Now X is to be expressed
X(p) = (pI — A)"'BU(p) (2.14)
Where | is unit matrix.

Substituting this adjusted first state equation into the second state equation in Laplace

transform, following equation can be obtained
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(2.15)
Y(p) = [C(pI —A)'B+ D] Ul(p)

From mathematics, it should be known that the inversion of matrix (pI — A)~! can be

computed as the division of its adjugated matrix and its determiner. Then

1 » (2.16)
Y(p) = Cmad_](pf —A)B+ D|U(p)

The acquired transfer F(p) is in box brackets. The transfer matrix has poles equal to its own
numbers in matrix A. This does not mean that all the transfers in transfer matrix contain all

the poles F(p), because some of them can be annulled by root factors in numerator.

Reversed transformation of matrix of transfers F(p) returns matrix of impulse characteristics
G(t). Elements of this matrix gij(t) represent the feedback of a system on I"" output to Dirac
impulse affecting j™ input.

Example 2.2

A system is described by the following matrices

A=(8 _12) B=(é {1]) C=(12) D=0 (2.17)

Determine the transfer

matrix F(p)

Based on the dimensions of matrices, it is known that the system has two inputs and one
output. First of all, inversion of the matrix is to be computed

_ 10 0 1y (p -1
masn(n0) (0 )= (6 )

pl-A) ' = L adjpr - A= (PT2! (219
(I —A)" = det (pI — A)rl i(pI - A) = plp+2) ( 0 IJ)
For the matrix of transfers, it then holds that
L B L (e 1 p+2 1\ (1 0 (2.19)
F(p)=C(pI —A) " B= (l 2) v ( 0 p) (U 1)

2.4 Transition to other/different state variables
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Regular transformation of state variables creates a new state representation, which has the
same link between inputs and outputs. The set of new state variables n can be obtained by

transformation

! ) I’ g K g
Ty = puly +piera+ -+ Pty

r — . . . ; .

Ty = pPaTy + P2l + -+ Py (2.20)
' . _ .

T, = Pn1T1+ Ppala+ -+ Pty

Matrix notation can be used for this equation
r = Px (2.21)

If the executed transformation is regular, then various state variables can be expressed based

on new state variables using inverse transformation

- Qa — Pl (2.22)

By substituting inverse transformation into state variables (2.3) and (2.5), the following is
acquired

., L (2.23)
' = AP 'x' + Bu

& = (PAP Y2’ +(PB)u
y (CP )2’ + Du

P 1

Another method of marking can be introduced for new matrices

A = PAP! (2.24)
B' = PB
C' = CcpP!

Then these are a new state equation

& = Az +Bu (2.25)
Yy C'z' + Du
The fact that the connection between inputs and outputs is the same for both state

descriptions can be shown.
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A matrix of transfer functions of transformed system is F’(p) = C’ (pl — A)™1B’

If the new matrices are replaced by matrices of the original system, the following equation

will be obtained

F'(p) =

CP '(pI - PAP ')"'PB =
CP '(pPP' —PAP")'PB =

CP '[P(pI — A)P'|"'PB = (2.26)
CP'P(pI - A)"'P'PB =
C(pI - A)'B

Which is the same matrix of transfer functions as the one for system with original state

variables

Example 2.3 Using MATLAB software convert the following system described by transfer

F(p) =

1

I 01
01 2
00 3

P +2p2 +3p+1 To system described by state equations. The acquired

expression is to be converted to a different form using

transform matrix

First, the transfer is to be inputted

>> F o=

tf(1,[1 2 3 11);

Then it is to be converted to state space description

>> Fss = ss(F)

a

— b 1

x1 x2 x3 ul
x1 -2 -0.75 -0.0625 x1 0.25
x2 4 0 0 x2 0
x3 0 4 0 x3 0
] d =

x1 x2 x3 ul
vyl 0 0 0.256 y1 0
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>
a

State space description is then to be transformed to a new one using a transformation matrix

>P=1[101;012;00 3]; Fsst = ss2ss(Fss,P)
= b =
x1 x2 x3 ul
x1 -2 3.25 -1.521 x1 0.25
X2 4 8 -6.667 x2 0
x3 0 12 -8 x3 0
= d =
x1 x2 x3 ul
y1 0 0 0.08333 vyl 0

2.5 Determining state space description from the transfer of one-

dimensional systems

If a transfer of one-dimensional system in Laplace transform or its differential equation is
known, the conversion to state space description is possible. As has been already said, state
space description is ambiguous. Some forms of transfers have an unusual position while
determining a state space description of a system. This peculiarity manifests by the elements
of matrices A, B, C and D being related to the Laplace transform notation, therefore their
determination is (as will be shown in following subchapters) a simple matter. The transfer
function is assumed to be in the form of rational, fractional function, does not contain any

simplified zeroes and poles. These two forms will be discussed in detail later.
2.5.1 Direct programming

This method of conversion is suitable when transfer function is in the form of a ratio of two

polynomials

) YV tim moy lrm_ 1 ! {
F(p) (P)  bup™ 4 byap™ ™ 4 bip + by

=_—L = , kde m <n
Ulp) Pty aptt o ap+ag

State diagram which corresponds to this system can be seen in figure 2.4, which can be
proven by deriving transfer function of the diagram. For Laplace image of function e(t) then
holds
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Expressing U(p), substituting to the ratio Y(p)/U(p) and multiplying nominator and
denominator by p~n will result in the same transfer as in the equation (2.26). If m=n-k,
coefficients bi are zero for i=n, n-1, n-2, ..., n-k. If integrator outputs are selected as state

variables x1(t) to xn(t), matrices of systems are in the following form

0 0 o - 1 () (2.27)
—g —0p —@da -+ —@p_q 1
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In most real dynamic systems, n>m. This means that the coefficient b, is zero, which
significantly simplifies matrices C and matrix of direct connections from input to output is
D = 0. Using this method of construction, an unusual form of system matrices is obtained.
Matrix A only has non-zero unit coefficient above the main diagonal and negatively taken
coefficients of polynomial of denominator F(p) are in the last row. As is already known,
dynamics of systems are given by the denominator of transfer. Therefore, it is not surprising
that the matrix of feedbacks is directly bound to denominator. Such realization of state space

description is called Frobenius canonical form.

Note: In some literature and also in the MATLAB software, states are indexed in reversed
order. This manifests in a change of form of system matrices. Matrix A then has non-zero
and only unit coefficients under the main diagonal and coefficients in the first row are
negatively taken coefficients from the denominator of transfer F(p), but in reversed order.
Matrices B and C are then in the case of assumed one-dimensional systems vectors and in

reversed order. It may be confusing that even this form of notation is called canonical form.

2.5.2 parallel programming
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This method of conversion of transfer function to state space description is used in cases
when the transfer of system is in the form sum of simple expressions with up to second-order

denominators

. by b by by,
F(p) = + Aa e +
Pty P+ as P+ ap_p -+ ag P+ ay (2.28)

State diagram corresponding to this transfer is in figure 2.5. State matrices have the
following form.

0 —ap 0 0 0 0 1
o . 1
AP : : : 5|
0 0 0 -+ —ap, —ag -~ 0 :
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Analysis of the text

Extralinguistic features

While translating the textbook, | have decided to employ more impersonal, and
therefore more formal, approach to the text. This has led to various changes, especially in
syntax. The most frequent change has been replacing active voice with passive voice, which
appears to be more appropriate in the style of science and technology. However, many
sentences have required various syntactic modifications to appeal more naturally in the
English language. The original text has been very objective. As it is a scientific text, there is
not much space for subjectivity. Perhaps one of the few subjective occurrences could be the
utterance that ““a system may be treated as a black box”.

Even though the subject of control theory does not necessarily have to be related to
electrical engineering, the textbook’s target audience are students of electrical engineering.
While not explicitly stated, this is implied by the fact that practical examples use, among
others, electrical appliances and electronic components, such as PID controllers or sensors.
This means that the author supposes the hearers have particular mental schemata and
therefore did not have to explicitly explain what many machines, devices or instruments are
(i.e. arelay or a solenoid). According to Krhutova: “The receiver has to master the substance
of the scientific discipline the texts deal with to be able to decode appropriately the specific
information. It is the professional knowledge and education, that create the schemata of
professional knowledge in receiver’s mind which are shared with similarly instructed
professionals. Such schemata enable us to decode the specific information in spite of the fact
that the information is implicit and all terms used in it cannot be defined explicitly”
(2009:29). A more apparent example of this use of professional mental schemata would be
in the last paragraph, where the author uses many terms from another course, signals and
systems, such as impulse response, step response, frequency response, without describing
them. Again, it is assumed the students have extralinguistic, or pragmatic, knowledge in the
form of mental schemata after passing the said course. However, unlike many other scientific
electrical engineering texts, control theory itself does not appear to have a unique,

unambiguous terminology, which means that readers reading a text about control theory in
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foreign language lack the advantage of being familiar with the terminology and instead need
to rely more on their language skills.

Language functions

Functional approach to language was defined by Prague Linguistic Circle. The language is
considered a functional system by them. Various linguists have defined several categories
of language functions. The most basic but sufficient enough for analysis of a technical text
could be Brown and Yule’s distinction of transactional function and interactional function.
Transactional function of a language is to convey information, while interactional function
is used to express social relations. The transactional function should be overwhelmingly used
in scientific texts as the primary reason to write such texts is to convey information. The
original text, while still written primarily to further educate students of electrical
engineering, was surprisingly personal, which at the very least creates a feeling of interaction
of the author and readers. Even despite this, transactional function was probably employed
more in the text. In the translated text, by attempting to increase the formality and
impersonality of the text, the influence of interactional function was significantly reduced.

Some of the examples of the author using the interactional function of language:

“Podivejme se nyni”

“Na zakladé¢ dimenzi matic vime, ze systém ma dva vstupy a jeden vystup. Nejprve

vypoéitame inverzi matice*

“budeme podrobné studovat*

Approaches to recipients

When writing any text, it is necessary to consider the recipients of the created text. A
different text will be created for students, children, instructed readers or general public.

Krhutova has observed several viewpoints in the approach to the recipients, those being:
Impersonality/personality
Uncertainty/certainty

Objectivity/subjectivity
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Vagueness/definiteness
Formality/informality

(Krhutova, 2009)

Personality

The original Czech textbook is rather personal. The author uses many sentences with active
voice, often uses personal pronouns, most notably “my”, or “we” if the sentences are
translated literally. One could perhaps even say that the textbook reads similarly to being at

a lecture.
Impersonality

The translation is written with regards to the scientific style, therefore, an attempt was made
to make the text impersonal. Many of said personal pronouns, typical for personal texts, such
as popular scientific texts, and rather atypical in technical texts, are omitted in favour of
impersonal passive voice. The translated text also does not suggest interaction of students

and the lecturer or author.

Comparison of personal and impersonal approach in analysed texts:

6

Personal: “V této kapitole se sezndmime se stavovym popisem SyStémil.

Impersonal: “The topic of this chapter is the description of system states “

Personal: “stavovy diagram, ktery odpovidd tomuto systému, je na obrdzku 2.4, coz

6«

dokadzeme tak, Ze odvodime prenosovou funkci diagramu

Impersonal: “State diagram which corresponds to this system can be seen in figure 2.4,

which can be proven by deriving transfer function of the diagram. “

Uncertainty/certainty

Unlike personality, there is not much a translator can do to change the author’s

approach to certainty. Unless the author of translation is more knowledgeable than the author
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of the original text, by changing the uncertainty of the text, or rather by changing uncertainty
to certainty, a translator could introduce factual mistakes to the text, that could be attributed

either to him or the original author.

One way uncertainty is often used in scientific texts is hedging, that is, expressing
something with less certainty. However, technical texts are often based on hard facts, where

there is no place for uncertainty.

Objectivity/Subjectivity

Similarly to certainty/uncertainty, objectivity/subjectivity of a text should not usually
change during the translation process, as it could possibly change the meaning of the text
and introduce factual mistakes. Therefore, both the original and translated texts should be of
the same degree of objectivity and subjectivity. The texts are rather objective, as exact
sciences, such as maths or electrical engineering, are often discussed or used. However, the
author of the Czech text still uses expressions that may or may not be subjective. It is possible
that the author shares his own subjective experience, but it is impossible to determine that

without the assistance of a similarly educated and experienced person.

One of few possible occurrences of subjectivity in the analysed text could be: ” Je
trosku matouci...”. In this sentence, while the author has a good reason to believe in the fact
that it is confusing, it is still his subjective opinion. Another possibly subjective utterance
could be:” Ur€eni pienosu tohoto jednoduchého -elektrického zapojeni je vcelku
jednoduchou zalezitosti.” In this case, however, it could be arguable what is subjective and
what is not. The text is aimed at instructed readers, therefore the simplicity of both the circuit
and determining the transfer could be considered as a fact. Despite this, if a less instructed
reader were to study this material, for example a student of control theory who has not
learned almost anything in the field of electrical engineering, they might have a different

opinion regarding the circuit or even the transfer determination itself.

Vagueness/Definiteness

Texts regarding exact sciences should generally be definite, as exact sciences are

often based on facts, numbers, standard procedures with little to no possible and correct
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variation. To be vague in electrical engineering would probably not be appropriate. Both
original and translated texts are significantly definite.

Formality

Formality in texts on electrical engineering may range from formal to neutral up to
informal. According to Krhutova, “the formal language of the investigated variety
corresponds with the specificity of the message conveyed”. This could be further supported
by the fact, that the original language is relatively informal, at least in the terms of
personality. As mentioned previously, the author uses rather personal and perhaps slightly
informal personal pronouns. Aside from that, formality can be also expressed by the structure
of the text, which is quite plain, using basic fonts, simple figures and unavoidable equations.
As such, the text is formal in both languages, although slightly informal utterances can be
observed in the original Czech text:

Slightly informal Czech sentence: “Je trosku matouci”

More formal English translation: “It may be confusing *

Linguistic features

Cohesion

To ensure information is understood correctly, it has to be coherent. For information
to be coherent, various linguistic tools are often employed. One of the most common of these
is cohesion. Cohesion is a linguistic tool which, when used properly, allows for a better
orientation in the text. Cohesion is a very basic linguistic tool and it is often used
unconsciously; for example, a person uses cohesion to write or read a longer text that can
only be understood because of references and other tools in order to link sentences or
paragraphs together, which creates a context. Without using or understanding these (or when
used incorrectly), a piece of information may become confusing to the reader and create a

misunderstanding.

To ensure proper cohesion, one of the tools employed in English are deixes. These

can be found frequently in many texts in both Czech and English. They are often seen in the
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form of pronouns, such as “this”, “these”, “that”, or adverbs like “then”. There are 44

instances of these in the translated text.
Various types of cohesion

Cohesion can be split into two major categories, structural and non-structural, which

is further divided into lexical and grammatical.

Lexical words have their own meaning even without context, such as nouns,
numerals or verbs, while grammatical words do not have their own meaning and instead

depend on the context, such as pronouns, adverbials and conjunctions.
Grammatical cohesion can be divided even further into 4 categories:

References refer to another thing in the text or context. Exophora refers to a
particular situation, such as time or space outside of the text. Endophora refers to something
that either follows (cataphora) or is followed (anaphora) by the referred thing.

Conjunctions are usually used to link parts of the text together or to establish a

relation between them. They can link words, sentences or paragraphs.

Substitutions and Ellipses are not often used in scientific texts. This is probably due
to the fact that scientific texts should be unambiguous and unequivocal. While it could be
argued that the text would be perfectly understandable even with many substitutions and
ellipses, it may be preferable not to use them and instead rely on other cohesive devices.

Lexical cohesion can be divided into 2 categories:

Reiteration is a lexical cohesion to express the meaning of the same thing multiple
times. Four subcategories of reiteration are generally distinguished. The first, repetition, is
using the exact same word again (“control” — “control”), other possibilities are using a
synonym or near synonym (“setpoint” — “input quantity”), using a superordinate
(“disturbance” — “quantity”) or using a general word (“control theory” — “this textbook™).

The other category is collocation; words that collocate with each other.

Collocation is cohesive device that works by using words that collocate each other

(“difference” — “between”).

Cohesive chains
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The usage of cohesion creates so-called cohesive chains. These chains ensure the
reader knows, what is the meaning of a sentence with relation to other sentences with the
same topic. Multiple cohesive chains can be found in any text. Some may be shorter and
some longer. Other can be defined as dominant chains, as they are the most prominent in a
text or its parts. In the analysed texts, the most dominant cohesive chain would be the chain
referring to control and its subordinate words. An example of a cohesive chain:

“Control” — “any intentional effect” (reiteration — superordinate) — “control” (reiteration —
repetition) — “automatic control” (reiteration — subordinate) — ‘“automatic control”
(reiteration — subordinate/repetition) — “sequential control” (reiteration — subordinate) —
“Control of dynamic systems” (reiteration — subordinate) — “Control” (reiteration —

repetition/superordinate) ...

This cohesive chain regarding control then persists through the whole text, as it is the
essential object of the author’s focus. In this example, it can be seen that cohesive chains are
formed using mostly reiteration in scientific texts. Most common types of reiteration used
are superordinates/subordinates, which seem to depend on what the “base” lexeme of the
chain is (If we consider “automatic control” the basic word for the chain, “control” would
be the superordinate word and vice versa). This could also affect the perception of what
repetition is. If linked to the exact same word, it could be considered a repetition, while if
linked to a different word, it could be either subordinate, superordinate, or synonym (or near-
synonym). Perhaps interestingly, no definite examples of grammatical cohesion were found

in the few analysed paragraphs.

“Sequential control, where the controlled system changes from one state to another. This

usually happens when certain conditions are met. A common example is the start or the end

of a technological process.”

One possible example would be “A common example is”, where the author could
have specified if the following examples were of “Sequential control” or “change from one
state to another”. Similarly, the anaphoric deixis “This” in the same text could be mistaken
for “Sequential control”. Omitting grammatical cohesion is probably a reasonable procedure,
as grammatical cohesive devices could potentially confuse a reader. As has been already
mentioned, ellipses and substitutions may be misunderstood and linked to a different thing
in the reader’s mind, even if it is not probable. Similarly, references such as cataphoras and

anaphoras may not be unambiguous enough to the reader.
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Hedging

The translated text is Czech. Texts in the Czech language generally express very low
uncertainty and this text was no exception. Only very few utterances express some form of
uncertainty and hedging is not employed frequently. This also results in rare use of hedging.
However, hedging can be found in the modal verb of “can”, meaning a possibility (... they
can be assumed to be linear with a certain degree of inaccuracy.”) or ability to do something.
Another, possibly more typical expression of hedging in English is the verb “may” (“...
disturbances, which may affect the controlled system’), which implies higher uncertainty.
The word “may” is used seven times in the text, the word “can” has appeared a total of 18
times and there are only two instances of the modal verb “should”. Some other possible
expressions of hedging, such as the modal verbs “might” and “could” are not used at all and

some relative adjectives are scarcely used, such as the word “possible”.

Signposting

Another typical linguistic tool to ensure cohesion of the text is signposting. Not many
signposts have been used in the text. However, in both languages, there are signposts

referring to upcoming topics (“following chapters”, “following course™)

Deixes

Yule in her book on pragmatics describes 3 types of deixes: personal, spatial and
temporal. As their name suggests, personal deixes refer to people, spatial to a space or
position, and temporal to a certain, or even uncertain, point of time. He also distinguishes
between proximal and distal deixes. The usage of personal deixes is very limited, as the
author only refers to the student of the course, even though he often uses “we” in Czech. The
impersonal translation does not employ personal deixes. On the other hand, spatial and
temporal deixes are employed quite often, referring to what has been or what will be yet
discussed, or referring to another “position” in the textbook, even if the “position” is only a

word.
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In some sentences, words reappearing from previous sentences have been replaced
by a deixis during the translation, for example “This”, if those words mean a process
(“prechod” and “prrechodu’ translated as “change” and “This”) to create a lexical cohesive
relation typical for an English scientific text. Although it may seem preferable not to repeat
a word or a term unnecessarily, during a translation of a professional text, repeating terms
such as these is considered to be acceptable or even appropriate (Knittlova, 2010). While
such a procedure could be treated as a mistake in other genres of literature, in professional

texts, it might prevent a misunderstanding by forming a simple to understand cohesive chain.

In a very few cases, it is appropriate to add a certain information to the text, such as
a note that controlling or input quantity may also be called setpoint in English, and it seems
that the term setpoint is also more frequently used. This is because both terms are used in

English, while Czech has quite different words for these.

Lexicology

On the other hand, some information is better omitted, such as “systém” possibly also
being called “soustava” in brackets, because both of these words translate as “system” to

English.

One specific Czech word and its synonyms have been very problematic in this text,
and that is “regulace”. In some cases, it would seem to be a mistake to translate the word as
“regulation”, which would be a so-called false friend. Most of the times, control seems to
be the proper equivalent. However, at some points, “regulation” or its synonym appears to

be more appropriate in English.

The most difficult aspect of the translation of this text has been terminology. While
the terminology of control theory may seem simple on the first glance, many of the terms
have can be mistakenly translated literally. However, terms translated in this manner
generally result in incorrect terms in the target language, at least in control theory. Therefore,
translating them using calques, or literal translation, is an incorrect method. Instead, it has
been necessary to cross-reference materials concerning the same subject in both Czech and
English. For example, |1 would not translate the term “porucha” as “disturbance” or “akcni
zasah™ as “control action”. This problem stems from the fact that many of the words used

for terms have many synonyms in both target and translated language. i.e. the word
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“porucha” may have many equivalents in English, depending mostly on the context. This is
rather unusual, as terms in electrical engineering, or perhaps generally in most scientific
technical texts, do not often have many synonyms. “A resistor” can be translated as
“rezistor” and vice versa with no difficulties, due to the fact that the term does not mean

anything else than a component used in electrical circuits.

A slightly different terminological issue has been with words “oviddani” a “Fizeni”.
In control theory, these two words have different meaning, but they both translate as
“control” in English. Therefore, it has been necessary to adjust the English text, replacing
the two Czech terms with one term with one of two modifiers, feedforward and feedback, to

ensure the meaning is the same and that the reader can correctly understand the information

In many genres of texts, it is a common occurrence to under translate or over
translate, especially when the supposed reader of translated text may miss some reference,
for example cultural or historical, to allow him to understand the text correctly. However,
since this textbook is strictly about a scientific subject, very few, if any, such references may

be found.
Syntax
English language is also known for condensation, when compared to Czech

language. It is preferable in Czech language to have more complex sentences. One such case

in this text would be:
“V redlném sveété je jen velmi malo systému, které jsou skutecné linedrni”
“Only a few systems in the real world are truly linear”

An interesting difference between English and Czech is that, if a clause specifies a
condition, the clause may use a different conjunction. For example, a temporal conjunction

“kdy” may be preferably replaced with spacial conjunction “where”.

Even though the control theory lacks a specific, unambiguous terminology, both the
English and Czech texts contain many similar, borrowed words. These words can be easily
identified, since both their meaning and form is very similar, such as “Sequential” —

“Sekvencni”, “automatic” — “automatické” and many more.

61



Morphology

As Czech language is more synthetic, which means that the meaning is more often
modified by the form of the word itself, the language can often describe multiple phenomena
in one word, while English may require more words to do the same. As such, English is
considered to be an analytic language. One such example in the text would be “zhasne” -
“is turned off”. The word “zhasne” means that the lamp is turned on, that this will change in
the future, and that the lamp will not be lit anymore. The change in future in English is
denoted by the word “is”, the change of state by the verb “turned”, and the new state is
denoted by the word “off”. This is all contained within the word “zhasne” using the prefix
“z”, which denotes a change of state in this case, the root of the word, which means “to be
unlit”, and the suffix “e” which denotes the future tense. However, as English tends to
condense texts, a similar method to modify the word of meaning without the use of additional
words can be connecting two words with a dash. In the text, “t/ihodnotovy” is translated as

“three—value”. Of course, it would still be valid to write “output with three values” instead.
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Conclusion

Generally speaking, both languages may convey information in a very similar
manner. However, it may be appropriate to change the method of transferring information
during the translation. The Czech and English languages are quite different in many aspects,
such as stylistics, morphology, lexicology, semantics, pragmatics or sociolinguistics. These
are all to be considered, whether consciously or unconsciously, when translating a text from

one language to another, since the languages and their speakers are quite different.

As English and Czech academic texts often employ different approach to the
recipients, the translation was also adjusted for English speakers; instead of literal translation
of personal utterances, some common changes were made. To avoid personality, passive
voice has been used frequently, which is also more typical for English texts. Various
respective approaches to the recipient have been observed and analysed in the texts and

differences and similarities have been described.

One thing both the original Czech and translated English text have in common, is
that certain extralinguistic knowledge is necessary for correct transfer and understanding of
information. This can be easily identified when electrotechnical devices are named, but not
described, because it is assumed that the reader of the text has already gained the knowledge

in past.

Another thing both languages have in common is cohesion. Proper cohesion is
necessary for understanding any text. Different cohesive devices typical for scientific texts
have been identified and analysed, as well as cohesive chains. Both languages make a good
use of deixes to ensure the text is coherent. There are also signposts in the text, albeit very

rarely, as well as hedging.

An important element of creating any text is lexicology. Most texts have a standard
register for the words that are used. For a professional text concerned with a certain subject,
proper use of terminology is essential. Differences between the terminology in languages

can both simplify and complicate working with a text.

Since the two languages have different syntactic possibilities, changes in the target
language were made. These include changes in clauses, including their order, and

condensation of sentences in English.
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A very clear difference between the languages is in morphology. As Czech language
is more of a syntactic language and English is more of an analytic language, expressions
have to be adjusted, as words in Czech language often consist of various affixes changing
the meaning of the words. It may be necessary to modify this meaning of a word in English,

for example by using a preposition.

In scientific style, impersonal and objective approaches are commonly used in
English. In the Czech version, the author uses rather personal language, often using personal

pronouns, as if communicating directly with students.
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