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CSYLAB isan interactive system, corbining in itself the capacities for control led plart
identification, selectionand setupofanalogand digital regulatorsanddirectdigital
control asvel L. The basicapproaches inclassicautomaticcontrol theoryare il lustrated
ardapossibility isgiventocortrol real tedrolagical dojects. InthiscomectionCSYLAB
isaconvenient tool for teaching students fromsome special ized schools inthe subjects
productionautomationandduring the initial stage of training athighschools inautomatic
cortrol theoryand technologiical processes automation.

The software systemconsists of three basic subsystens:

1. Identificationofthe plart control ledwith subsystens: Transientdaracteristics
determinationand approximationof the plant control led.

2. Selectionand setupof the regulatorwithsubsystans: selectionof thecontrol law,
setupoftredigital regulator, optimal setup ofanamalog regulator wirth respect toapreset
danping degree, optimal setupof ananalog regulatorwith fixed reserves inmoduleand
phese, gotimal setupofananalog regulatorwith respecttoagiven typical transientprooess.

3. Directdigital control withsubsystems for automatic andmanual control .

CSYLAB isbuiltonmodular principle. The activationof each one of the system
functions is done throughaselection inacorresponding menu. The systemal lows the
execution of DOScommands also .- User—friendly interface issupported in it. Thewhole
information entered by the operator is analyzed, providing directing and warming
MESSagEsS.

Graphic representation of the results fromthe systemoperation iswidely used.
Pressing a functional key, the graphics obtained onthe screen can beprinted. CSYLAB
hasalsogood possibi lrties to represaentauxi liary information, selecting “Help” franthe
mainmenu or through F1, when the cursor is positioned onan option inanymenu, with
the purpose toget informationabout thegptionselected.

The software system consists of the fol loving programs:
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1. CSYLAB.EXE programserves to take domn transient characteristics, torealize
directdigital cortrol of technological plantswithore inputand tostart theprograns below
cesaribed.

The followving functional ly separated modules are included inthe program:

—mainmenu— it gives the gpportunity toselect adesired function of CSYLAB system,
unitesall the softwaremodules of the system;

— identification- realizes thedefinitionof the process transient dharacteristicsad
the data processing; activates AOA2 .EXE program approximating theobject on the basis
of thetrarsientdaracteristic;

—selectionafthe control lawand setupofadigital andanalog regulator - activates
ITZ_.EXE, NDR.EXE, TSR.EXE, NMF_.EXE, ON.EXE programs chosen by the user from
the corresponding menu;

—oontrol —carriesautdirectdigital cotrol ofandbjectwithane inputandone output;;

—help—gives help information for the systemfunctions and the way of operation
withi

— setting the typeof thevideannitor —alters theactive palettedependingonthe type
of themonitor for better readabi Ity of the image on the screen.

A. “MAINMENU” MODULE cal Is the separate programs, which realize the system
fuctas.

B. “IDENTIFICATION” MODULE — activated after “Identification” is selected
fromthemainmenu. Twooperationmodesarepossible—“Transient characteristic” taking
doanand “Objectapproximation”. Inthe option “‘Connectionwith the dbject’” the input
and output channels for connectionwith the objectare set, the coefficient for sensor
indications transformation into technical units isselected and also thevoltage, which
corresponds toentirely closed or entirely open positionof theactuating mechanism.

Inorder to take dovn the transient characteristic, “Takingdom” isselected. The
introductionofthe geratingpoint, thearpl itude of the step functionand thequantization
tact have to be enteredbefore the procedure starts. The values takendownare stored inan
array andshom asgraphics onthe screen. They canbe stored inafilebyoperator’swish
asvell.

Inorder toapproximate the object onthe basis of the data taken, they have tobe
additional ly processed. For this purpose “Datapreparation” ischosen. Thissubmodehas
itsomnmenu, inwhichdifferent functions areactivated, aiding the obtaining of the
approximationfinal data.

The data taken are stored in atext file in MS-DOS standard with the fol lowing
elerents: nunber ofvalues franthe transient daracteristics, quantizationtact, aplitude
of the input step actionof theactuatingmechanisncomplete motion inpercent; thevalues
ofthe transientdharacteristics intednical units, franvhich thevalueof thedbject autput
at theoperating point isextractedand theyare stored inthe sequence of thel r gopointment.,
each element beingwritten onanew line. Thisfile isan input to the program for
approximation AOA2_EXE and has to be named DANNI _DAT .

C. “SELECTION OF THE LAW FOR ANALOG AND DIGITAL REGULA-
TORS SETUP”” MODULE activates the functions real ized as separate executive files, as
SUprocesses.

D. ““CONTROL’” MODULE — activated after the choice of “Control”” inthe main
menu. The module has itsomn menu. The Firsttwo positions - “CSY-10""and “‘Connection
withthedbject” call the same programs thatare cal led in “Taking domn’ mode and operate
inasimilarway. The same variables are manipulated and the values determined inone
mode, arevalid for theother .

There exist twomodes of control —manual and automatic, chosen by the operator
fromthe correspondingal termatives inthemenu.
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After the selectionof “Automatic”’, amenu appearswith the fol loving options:

1-“Regulator typeand parameters”,

2—“Alterationof regulator parareters”’,

3-*Control constraints”,

4—*“Tedrological andfai lure limits”,

5-*Visualization”,

6—“Graphicssetup”,

7 —“*Assignment”’,

8—*Control starting”.

Before the control isstarted, the entering of the regullator type andparameters is
required, besides this theassigmentand the tednolagical and fai lure limits for thevalue
cortrol lednustbe set. Default valuesare acoepted for the rest of the pararetersand their
alteration isdoneaccording to the operator’swish.

Withineach quantization tact the fol lovingactions are performed:

1. Measuringof thedbjectoutput,

2. Canputing the gradient of the dbject output,

3. Conrol of themeasured value of the technological and fai lure Himits.

Incase itisbeyondthefailure limitsor iIf itsgradient intwosuooessive tactsexoeeds
thefessibleone, asoundmessage isproduced to interrupt thecontrol . Incasethevalue is
outside the technological 1imits asound appears, accompanied by amessage andstep 4
iseenuted.

4_The cortrol action iscamputed taking irmtoacoount the control values, thatareset.

5. The control action computed is produced through the DAC selected.

6. Thevalues chosenfor visual izationagppear onthe screen.

7. Itischeckedwhether there isany pressed key by theoperator . 1o, thecontrol is
inEmypted.

Thetransiernt processobtained canbe printed.

Sixtypesofregulatorsare real ized inCSYLAB: positioning, proportional, integral,
proporticnal-differential , proporticral-integral , proorticnal-integral-dirfferential .

Depending onthe setup parameters entered by the operator, positioning regulators
withstatic characteristicsof the fol loving typecanbe realized inFigs. 1and2.

M M
Mmax Mmax
E1=E2=E3=F4
E E1=E3 2= F
Mmin
Mmin
Fig-1 Fig.-2

6 3



The regullator computes the control actionMonthe basis of theerror Eat the current
momertt and the olld value of the control action M. The error E is computed according to
thefomula:

Y

(1) = Xassigned ~ Teurrent -

Fig- 1shonstrestaticdaracteristicsofatwo-positional regulatorwithout Insensi-
bility zoneandwithout hysteresis (non-arbiguity) . Thecontrol action Mcangettwovalues
Mmin and Mmax, entered by the user . Mmin and Mmax together with E1=E2=E3=E4,
arette pararetersfor setupof the regullator, realizingsuchastaticcharacteristic.

Fig. 2 represents the scheme of a two-positional regulator withan ambiguity
(hysteresis) zaeX, that isequal to

(024] X=E2 -E1.
M M N
Mmax —
Mmax
Mavr Mavr
E E2 (E1 E4 E3E
E1=E2 E3=F4
Mmin Mmin
Fig-3 Fig. 4
M -
Mmax The setup parameters here are Mmin,

Mmax , El=E3and E2=E4.

Fig. 3-5showthe characteristicsofa
threepositional regulatorwithan insensibil-
Mavr ityzore (Fig. 3), withouthysteresis (Fig. 3),
withstraight (Fig- 4) or inversehysteresis
E  (Fig.5). Inthethreejpositional regulator the

control action Mcanaccept values of Mmin,
Mavr, Mmax, which are regulator setup pa—
rameters together withE1, E2, E3 andE4.

E1l E2 E3 E4

Mmin
Fio. 5 Inall the remaining regulatorsthe con-
19- troll action M[K] iscomputed by the recurrent
refation:
()] M[K] =M[k - 1] + g,E[K] + q,E[k - 1] ++ g,E[k - 2],

where M[K] and M[k— 1] are the values of the control action inthe currentand previous
quantizationtact, E[ 1] is theerror inthe corresponding quantization tact, and the
coefficientsQ, arecomputedas fol lons:

@ 0,=K,, d,=—-K , g,=0for P regulator,
()] q,=0, q,=T, /T, , q,=0for I regulator,
©® a,=K +T,/T), q,=-K (+2T/T), q,=K T,/T, for PD regulator,
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@) 9,=K.,q,=-K +KT /T, , q,=0 for Pl regulator,

® A=K, T /T), g, =-K Q2T /T - T/T), q,=K T,/T, for PID regulator,

where T isthequantizationtact, K —the regulator coefficient, T — the isodrone time,
T,— timeconstant of thedifferentiation.

Theerror inthesystemat the currentK-th tact of quantization iscarputed after the
fomula

@ E [k] = Xasigned - Ycurrent [k] -

The control action M [K] computed acoording to (3) is canparedwith the limits, set
by the user In“‘Control Constraints’ and incase 1texceeds them, the control action M [K]
isassigned the value of the corresponding limit violated —Mnin or Mrax.

The formulae (3-9) are derived from the generalized PID law:

M [€] =K X [€] +K_/T, +X [t] dt+K_T,dx/dt,

andthe integration isdoneby the rectanglesmetihod, the differentiation isreplacedby the
firstinersedifferaxe.

This isdescribed inmoredetails in [1].-

E. “HELP” MODULE—activated after the selection of the “help” option inthemain
menuor pressingFLkey, whenthe cursor ispositionedonanaltermative inany of the system
menus. The informationabout the respective functionof CSYLAB, appoirnted by the cursor,
isdirectlyshoan.

F. “MONITOR” MODULE changes altematively the numbers of the active palette
and produces once again the image onthe screen inthe corresponding colours. Themonitor
type ismarked inthe menu.

G. “DOS” MODULE started after “DOS” option is selected inthe mainmenu. A
second command processor s set up and the control istransferred to it. The retumto
CSYLAB is done by EXIT command of DOS.

11. AOA2 .EXE programserves to determine the parameters of a selected model of
theautorationdojectwithorwithout self-regulationwith regoect to thedataof its transient

The program camprises the fol lowing modules:

—amain progran— it real izes the interactionwith the operator andextermnal data
Filesand computes the dbjectmodel parareters,

—asubprogramconputing the efficiency criterion of the gpproximation for current
parametersof theobjectmodel,

— asubprogramcomputing the gradient of theefficiency vector,

— asubprogram smoothing an evenly tabulated function,

—asubprograndrawing transient characteristics,

—asupprogramfordigital integration,

—asubprogram checking the real nunber entered.

111. ITZ.EXE program serves to define the type of the control lawfor objects,
representedbymodels of firstorderwithadelay, and franthe requirements for achieving
aprescribed typeof the transient process inthe control system.

The program consists of the fol lowingmodule —amainprogram, interactingwith
theoperator, extermal datati les, determinationof the catrol lavtype.

Themethodic ofKopellovich, described in [1] isused.

IV. NDR.EXE programserves to define the parametersof themodified digital P, Pl
or PID lans of dbjects control with self-regulationand a lag, representedby first-order
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models franthe requirements for minimal time of regulationand integral-quedraticerror
inthe closed loop system.
The programcarprises the fol lovingmodules —main program, interactionwiththe
operator, extermal datafi les, computationof the regullator parareters.
Thealgoritmisdescribed indetailsin[2] -

V. ON.EXE program serves to determine the optimal parameters of an analog
regulator fromthe requirements for achieving agiven degree of damping inthe system
antrolled.

The programconsists of the fol lowing modulles:

—amainprogram—- interactswiththe operator and extermal data filesand computes
the regullator paraneters.

—asubprogramdefining a point from the extended ampl itude-phase frequency
characteristic (EAPFC) of the inverse object 1/W, (-mw+jw) =0U + JOU.

—asubprograndefiningapoint franthe ampl itude-phase frequency characteristic
(APFC), (P=1) or EAPFC, (P=2) of the object.

— asubprogram defining a point from EAPFC of the polynom C(p),

C(—mw+ jw) =CR + jCI.

— asubprogram determining a point from APFC of a polynom C(p),
C(—mw + jw) =CR + jCI

—asubprogramfor approximate determination ofa root of atranscendental equation
withinthe range0-20.

—asubprogramdefining the root of a transcendental equationwithaccuracy of
0-0001 uptn 100 iterations.

—asubprogramfordigital integration,

—asubprogramdefining the subintegral function AFof additional criteria2and 3.

V1. NVF.EXE program is used to determine the parameters of ananalog regulator
franthe requirement thachieveaprescribed reserve inmodule and phase in theclased loop
Systam.

The program includes the fol loving modulles:

— amain program— interacting with the operator and extermal data files and
conputing the regulator parareters.

—asubprogramdefining apoint inthe ampl itude-phase frequency characteristic
(APFC) of a polynom C(p) -

— a subprogram computing a point in APFC of the object —U+jV.

—asubprogramfor approximate determination of a transcendental equationwith
accuracy fran0.0001 upto 100 iterations.

—asubprogram computing theadditional criterion.

—asubprogram fordigital integration.

—asubprogramdefining the subintegral function AF of the additional criteria?2
and3.

— asubprogram computing and drawing the hodograph of APFC of the open system
thatissetup.

VI . TSR.BXE programserving todefine the paraneters of ananalog regulator with
P, 1, PlorPID lawforanobjectwith orwithout self-regulationandadelay, represented
by first-order models franthe requirements for dotainingagiven typical transient prooess.

The program contains the fol lovingmodulles:

—amainprogram interactingwith the operator and extermal data filesand carputing
the regullator paraneters.

The engineering approachof Kopelovich isused. Itisdescribedindetailsin[1]-
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Chject idatrfication
Transient characteristictakingdomn

Command PATH C:\CSY ;C:\DAT is executed.

Command CD C:\DAT is executed.

GCYR command is executed.

CSYLAB is started.

“IDENTIFICATION” is selected from the main menu. “TRANSIENT CHARAC-
TRRISTIC” isselected among the vertical ly located gptions.

This mode has 1ts own menu.

Selectionof the cortrol law type and setup ofadigital andanalog regulator-.

*'Regullator'* option isselected inthe mainmenu. Avertical menuappears, whereal l the
functions are selected for the type of the control lawand thesetup isdefinedofadigital
andanalog regulator.

Directdigital control
“Control” isselected inthe mainmenu. The main menu of the mode appears.

The alternatives “CSY-1000 and “CONNECTION WITH THE OBJECT” are
analogous to those in “TRANSIENT CHARACTERISTIC” mode. Since the necessary
pararetersareset there, inthiscasenothing istobeentered.

Thesoftware forunit CSY-1000 isdescribed indetails in [3] -

Thesoftware systen is used for trainingstudentsat the Technical University, Sofia.
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VHTepaKTMBHasA NpOoTrpaMMHas CucTeMa OOydYeHI CTYyOEeHTOB
B paboTe C LUOPOBEIMM U GHAJIOT'OBEIMU PETYJIATOPaMN

Hukogiar IJokeB

UHCTUTYT MHPOPMALIMOHHEIX TexHoJormit, 1113 Copus

(PesmoMe)

B paboTe paccMmaTpuBaeTcs nporpaMmmvHas cucreMa KCUIIAE, npernHa3HadeHa IJid
oOy4deHMsa CTYIEeHTOBR BBICUIMX WIKOJI B OOJIaCTM aBTOMATU3ALUMY TEXHOJIOTWUUHEIX
OOBEKTOB .

YKasaHEl OCHOBHEIE QYHKUUM CUCTEME — UOeHTUOMKaIMa 0ObeKTa yIpaBJIeHd,
[OJTy4Yas IEPexXONHYI0 XapaKTepUCTHKY OOBeKTa, 0bpadaTeBaHMe [1I0JTyUeHHbBIX JaHHBIX
¥ anpoKcyMalis OOBeKTa, BEIOOP 3aKOHa PeTYJIMPOBaHUS M HACTPOMKY LIUMAPOBLIX 1
QHAJIOT'OBEIX PETYJIATOPOB, MPAMOe LIMPPOBOE yIIPpaBJIeHNe OOBeKTa C OOHBEM BXOIOM U
OIHBIM BEIXOIOM . ONMCaHBI JOTIOJIHUTEJIbHEIE BOBMOXHOCTEL CUCTEMEl, KaK HaIllprMep
Tpadrueckoe repedCTaBJIEH/E PE3YIIETATOR PaBOTH CUCTEMEL U [TOJTyYeHMe TTOMOMHOM
vHOopMaly. [IpelcTaBIJIEHEl OTOEIIBHEE [TOOTPAMHBIE MOITYJIV CUCTEMEL U X OyHKLIVIA,
TeXH/UECKME [1apaMeTPhl.

67



