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dunsmnyeckne moaenun yaaneHHbIX
nabopatopumn

3-Axis-Portal

Elevator A (3 floors)

Elevator B (4 floors)

Elevator C {4 floors)
Production Cell
Storage Warehouse
Water Level Control
Digital Demo Board

Maze

® | www.goldi-labs.net/index.php

Elevator C (4 floors)

The elevator consists of a cage with counterweights, a pit and four floor units, each one containing a
pneumatic driven sliding door, call buttons and colored control lamps to indicate the moving direction of
the cage. In addition to this there is a control panel, realizing the operating options from inside the cage.
In essence, these are selection buttons to choose a floor, an alarm button, an emergency stop and the
ability to choose a mode of operation, where the lift is controlled exclusively from outside the cage. The
simulated process shows the elevator being brought from a basic position to one of the floors, by
operating the control panel or one of the call buttons, and after opening and closing the sliding door being
ready for the next sequence: After operation one of the call buttons, indicated by a signal lamp, the cage
is brought in a slow-fast-slow-movement, being controlled by mechanical switches depending on the
distance, to the chosen floor. The sliding door gets opened and remains open, until the programmed
loading time is over. A one way light barrier controls the entrance to prevent, in a real case persons or
things that are in the danger zone of the door, from getting hurt. After closing the sliding door, the cage
gets moved to the next chosen floor, where the sequence of opening and closing the sliding door occurs
in the same manner. A miniature compressor for the pneumatic driven sliding doors is integrated in the
model.
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PaboTa c pn3nyeckon moaensto

Bbibop ycTponcTBa ynpaBaeHus

Pa3paboTKa AMHaMMNYECKOU Moae I OObEKTA
ynpasnaeHua (OY)

3arpy3ka moaenu QY Ha cepBep nabopatopun

HabniogeHuve 3a noBeaeHme BU3yasibHOU U
dunsnyeckom moaenun QY B xoae
3KCNepmUMeEHTa



Mcnonb3oBaHMe GU3NYECKUX MOJENEN B
yaaneHHbIX nabopatopumax : npobsembl

* HeobX0AMMOCTb TEXHUYECKOTO 0O6CNYXKMBAHUA
ANnAa nogaeprKaHma paboTocnocobHOCTU U
NPUHATUA mep ana obecneyeHumsn
6e30nacHOCTU;

* OrpaHM4YeHHas HOMeHKANaTypa c PU3NYEeCcKoM
MOENbIO, CNOXHOCTb MOAEPHM3ALUN,
BbICOKasi CTOMMOCTb HOBbIX MOZENEN U

npyrue.



Llenb paboTbl: NOBbICUTb YPOBEHD,
PACWNPUTb 06N1aCTb NPUMEHEHMUA
CYLLECTBYHOLWMX PUINYECKNX MoaeNen

* [locTaBNeHHYIO Lenb NnpeanonaraeTcs
AOCTUYb NYyTEM NOCTPOEHUNA MOAENEN
0O6BEKTOB N3YHEHUA KaK KNbep-Ppusnveckux
cUCTEM



Y1o Takoe CPS (Cyber Physical Systems)
dU3NYEeCKUX moaeneu

- INeKTpomMmexXaHUKa

- KoHTponnepHoe
ynpasneHue

- flocTyn B ceTb

- MopgenupoBaHue
AWHaMUKu OY




Definition, models of integrated control

system

Simple system

N\ (7

Control System /

\ The external environment /
\ Control System

. Control object -
Control unit

.

Control unit ‘/

J

\ The external environment /
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Control systems as an integrated system

—

Control unit in i-th +
hierarchy level subsystem cmmtmtm
may simultaneously be
control object in o etaoets
subsystems of (i+1)-th \ Control System! | N\ *’/
and higher hierarchy
levels. [ 8 ]
The external Control unit 2
environment
Control System 2

T
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Remote lab system as an integrated
system
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;| DS, - physical control system model

Bk DS1 physical control system
model

CO1-electromechanics
physical model (sensors
and actuators)

r.
CU1 — control unit of the

physical model (industrial
\_ microprocessor controller
board)
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DS,- video subsystem

DS5 DS6
DS2- video subsystem - -

Video monitoring

——

means

Control unit of video

monitoring means.
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DS, - Visual model of operable CO

DS2 —visual
system of
operable control

object

Virtual model
of
Control
object

Visual model of
control object

L

| Tool machine

G
i
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Model examples

¥ cowi PvSical System Dascriptions Assembly Element Type of actuator Sensar Assembly Graphical object Tag/control type
- control output - -
Elevator 4 floors Mechanism Building _
of the cabin Electric motor Up/down Adi
elevator P Building Cabin Cabin position/vertical
displacement
Door mechanism To open/close B Door positi —rizontal
Door sensors On/off / displacement
Cabin
Lamps in cabin To switch on/off Cabin P Lamp state/color
Button state/ assignment of the
Buttons in cabin On/off Button value to tag
Position sensor Lamp state/color
Floor Lamps on the floor To switch on/off Button state/ assignment of the
value to tag
Call buttons

Specification Specification

of virtual CO

of phisical CO

F'o
‘&; GOLDi Physical System Descriptions

Inputs / Sensors

Virtual CO

Variable Name Direction

x0 Elevator on floor 1 Input

x1 Elevator on floor 2 Input
Input

x2 Elevator on floor 3

Outputs / Actuators

Tags of virtual

Variable Name Direction

y0 Drive upwards Output mo d e |
yl Drive downwards Output

y2 Drive slowly Output

v3 Door floor 1 - open Output

Remote laboratory for teaching of control
systems design as anintegrated system



DS4 - Visual hidden control object

Visual hidden
control object

Visual hidden control
object model

Virtual hidden control
object model

Brakes: There a few brake systems in a typical elevatorsystem. These include the
electromagnetic and mechanical brakes. The electromagnetic brakes activate automatically
if there is a sudden loss of power or when the car is stationary. The mechanical brakes at the
sheave itself also stop the car from moving when the car is inactive.
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DS: Visualization model of the external

DS1

-
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90,2 4

factors

Visualization
model of the
external factors:

| visual

model of
the
external
factors

b+
18:00:00 0:00:00 6:00:00

(20.01.2014) (21.01.2014) (21.01.2014)

virtual model of

visualization of

the CO external
factors
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DS, Visualization model of CO
technical condition

i nsd ) DSS \ T
Visualization
model of CO SEELS
technical ( ° JHLS N
condition Ote
Onaoc U
DS7 -
ErrorR ErrorE k - U
ErrorE Green s
é Onndad @
! A
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DS, Virtual model of the operable CO

Virtual model
of the operable

DS4

CO

DS8

DSé6

DS10

Y=x1*x4+x2+x3

~ Boolean equations

based on finite state
\_ machines

Control unit of the
virtual model of the
operable (operated
in normal mode)
design system
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DS, Virtual model of the hidden CO

DS1

Virtual model of the
Virtual system of hidden CO
the hidden CO

[

Model CU8 presents Control unit of virtual
control automaton model of the hidden part
similar to the model of the design system.
CU7. /
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DS, Virtual model of the external
factors

Example:

-1 Temperature, load
factor as function
of time

Virtual model of
the external
factors of the
design system

‘ ‘ . Virtual model of
the external
factors

Management I
Control unit

functions: change |¢g .
of the coefficients | ofvirtual
model of the

A and the type of
functions external
factors
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Virtual model of the technical

condition

FSM of technical condition,
the dependence of the
parameters of defects from

time

DS3 5 odel o s

DS6

\
A DS 7 C LE OoNnaitio
r- -
Select and change FSM of ONntro odel O
C LE ONC 0

technical condition

o

DS1
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Control system of RL modes

—— Model CU11 is the
a automatonthat controls

Control object CO11 is logically the starting and stopping Control system
connects several CU of the system of automatonsbelonging of RL modes
on the second decomposition ==  to CO11, changes the
level composition of their
states, inputs and outputs,
thereby implementing

DS7 . . ) )
various teachlng scenarios

r- - ] RLapp“Clation

~/

N
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TeopeTnKo-MHOXeCcTBEHHOE ONMncaHme
Knbep-dun3nyeckom cMcTembl moaenm
06BbeKTa N3y4yeHus

* NpeactaBum B Buae koptexka <X,Y,S,u,A,T >,
roe X, Y, S —MHO»eCTBO BXO40B, BbIXO10B U
COCTOSIHUW CUCTEMbI, COOTBETCTBEHHO; W, A —
GYHKUMU BbIXOA0B U NepexoaoB KOHEYHOro
aBTOMaTa CUCTEMbI, COOTBETCTBEHHO; T —
MacLTab moaenbHOro BpemeHu



PacwumpeHmne pyHKLMOHANBbHOCTU C
MCMONIb30BaHNeMm MHoXecTBa Y

Ona pacwmpeHna GyHKLUOHANBbHOCTU «XKUBOU» KaPTUHKMK
dU3NYECKON MOAE/ TN MOXKHO YBEIMYNTb KOIMYECTBO BUAEOKAMED,
BBECTU yAa/leHHOe ynpaBAeHUE PaKypCoM U napameTpamm CbeMKMU
obbeKTa U3yyeHus,

[lpeanbHOCTb UKW BU3YaNbHOCTb B M300OparKeHne Ha MOHUTOpe
yAANEeHHOro ctygeHTa. 3To MOryT bbiTb rpaduyeckme snemeHTbl Ann
BblaeneHua pparmeHToB n3obparkeHnsa, AMarHoctTuyeckme
coobueHna, aHMMaLMOHHbIe BCTaBKU N Apyroe.

Bo3MOXKHO Mcnonb3oBaHne Apyrux popm nepeaaydym MHGopmaLmm
06 ob6bekTe nsydyeHua. Hanpumep, fobaBAeHHOE ayaM0O MOXKET
ObITb MONE3HO B TEX C/IyYanX, KOraa OAHOBPEMEHHO C NPUHUMNAMU
paboTbl 06beKTa M3y4aeTcs TEPMUHOIOTMA HA MHOCTPAHHOM ANA
CTYAEHTa A3blKe.

B nepcnektnBe BO3MOXHbI U Apyrne ¢popmbl, YTO NO3BOAAET
roBOpUTb 0 «A06aBNEHHOM Meana».



PacwumpeHmne pyHKLMOHANBbHOCTU C
MCMO/Ib30BaHNEM MHOXecCTBa X

reHepauunto BXOAHbIX CUTHA/10B MO UCTe4eHUHo
3d4aHHOIO NHTEepPBaA/ila BPpeEMEHN

, 0bpaTHble cBA3M 06beKTa (Hanpumep, pyb,
KOTOPbIM MOoAennpyeT cConpoTuBAEHNE
aBTOMALUMHbI pe3KOMY NOBOPOTY),

BXOZbl COObITUIN BHELLHEW cpeapbl (Hanpumep,
NN1A BBOAA TPeHAa TeEMNEPATYpPbl),

BBOZ, COObITUI yNpaB/ieHMSA B MOTOKE,

MOHUTOPUHI NOTOKOB 3HAaYeHNN X N Y ¢
COXpaHeHunem TpeHA0B Ha MalWlMHHOM HOocUTene.



PaclumpeHme mHoxectBa COCTOAHUN S
M COOTBETCTBYIOLLME MOANPUKALIMA

J
GYHKUMN LN A
ANA MOAENNPOBaHNA NoBeaeHUs 0ObeKTa B HELUTATHbIX
CUTYaUUAX,
AMNATHOCTUPOBAHMA HENCNPABHOCTEN PU3NYECKON MOAENMN,

OMNArHOCTMPOBAHMA NMPOEKTa CTyAeHTa Mo yrnpaB/eHUo
0O BEKTOM,

nepexoaa OT IOTMYECKOro ynpasseHus K rhbpnaHomy um K
HeJePMUHUPOBAHHOMY aBTOMATY.

Onepauunn ¢ moandpuKaumen mHoxKectsa S 0603HaYMMm
TepMUHOM «a0b6aBneHHOe nosBeaeHuey.



Summary

* Functional structure of a remote laboratory for
teaching of the control systems design has much
more complicated structure than control systems
in the teaching domain.

* Analysis of the functional elements of a remote
lab in coordinates "control object — control unit"
showed that some elements function as the
control object in one local system, and the
control device in the other.



Summary

* The introduction into RL the visual and virtual
models of the hidden part of CO, dynamics of
CO external factors and technical states of CO
elements will allow implementation of

advanced teaching scenarios without RL
hardware updating.
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